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ATV Transverter for conversion 
of the 23cm band to the 3cm 


band 


1. 


Introduction 


e If I have a 23cm ATV transmitter 
how can I turn it into a 3cm ATV 
transmitter in a simple and affordable 
way and at the same time minimise 
signal losses and minimise use of 
expensive cables? 


How can I keep the housing as small 
as possible and maintain an output 
level on 3cm of at least 10mW or 
more? 


How do I keep control of frequency, 
frequency stability of both exciter and 
local oscillator, as well as the modul- 
ation and output power, indoors? 


This article deals with all these questions 
and is based on experiments that I perfor- 
med over a period of 2 years. Every part 
of this transverter was built and tested 
separately during this period. The result- 
ing design shows a compact transverter 
mounted on a double sided copper-clad 
PTFE substrate printed circuit board in a 
standard format of 74mm x 110mm that 
can be soldered into a standard tin plate 
housing. 


I want to express my special thanks to 
Jos Disselhorst, PAZ ACJ, for his techni- 
cal advice and for the construction of the 
waveguide filter and the cavity filter (and 
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silver plating them by electroplating as 
well!!) 


2. 


Considerations in choosing a 
prototype 


Because of relative high cable losses at X 
band frequencies it is not desirable to 
transmit 3cm signals over a long coax 
cable to the antenna because power on 
3cm is expensive (approximately €).5- 
/mW from GaAsFET amplifiers). This 
means that the transverter should be 
operated as a remote masthead frontend 
that can be coupled directly to the ante- 
nna. All exciting signals are transmitted 
at a much lower frequency through the 
coax cable with low losses. 


2.1 The DRO 


We can achieve this goal by using a so- 
called DRO transmitters (Dielectric Res- 
onator Oscillators), but they have the 
disadvantage that they cannot be tuned 
from the ground and the tuning range is 
limited to about 1OOMHz. Also, modulat- 
ion with an ATV baseband signal is very 
critical and only possible in the middle of 
the tuning range. The bad phase noise 
characteristics of a DRO can result in a 
noisy ATV picture. The optimum tuning 
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2500 MHz 


8f 


Fig 1: Unwanted 
harmonics after 


f = 1250 MHz 


multiplication by 8 
times. 


Output spectrum after 1st doubler 


10000 MHz 


Output spectrum after 3rd doubler 


frequency is not consistent when concer- 
ning both video carrier and audio subcar- 
rier. The stability is poor and makes the 
transmitter frequency very temperature 
dependent. I dare to say that the DRO is 
not really meant for transmitting signals 
that are modulated. The reason that you 
see them used often is money. The DRO 
is by far the cheapest solution to produce 
3cm signals. DROs have their main use 
in local oscillators for broadband receiv- 
ers (LNB) or replacement of Gunn diode 
oscillators in e.g. Doppler detectors. 


2.2 Frequency multipliers 


Frequency multipliers are a good alterna- 
tive, as they circumvent most of the 
disadvantages of the DRO. They can be 
tuned from the ground and to a specific 
frequency that is not influenced too much 
by temperature differences. The main 
disadvantage of a multiplier for ATV lies 
in the fact that every multiplication stage 
needs a dedicated amplifier followed by a 
dedicated filter that needs to have a 
specific bandwidth. The following multi- 
plication stages need filters with multipl- 
ied bandwidth as well. The first stage that 
doubles 1250MHz to 2500MHz needs 
120MHz bandwidth, whilst the last stage 
that doubles SOOOMHz to 10GHz needs a 
500MHz bandwidth filter. These individ- 
ual bandwidths are critical because other 


harmonics are also produced by tripling. 
We have to suppress the unwanted harm- 
onics as strongly as possible. Using prin- 
ted microstrip filters is an affordable 
solution for this problem. It is a compro- 
mise between minimal bandwidth, which 
is somewhat too narrow for broadband 
use, and selectivity, which is not optimal 
for this type of filter. However, it can just 
work well because the attenuation at 
octave and half octave distance from the 
centre frequency (sub harmonic and 3 x 
sub harmonic respectively) of -10 to 
-20dB is just enough to make the multipl- 
ier work effectively (see Fig 1). 


The bandwidth of the multiplier is about 
100MHz but it will work with limited 
power output over a much wider freque- 
ncy spectrum. When the design is opti- 
mal, it can cover the entire 3cm band. A 
major disadvantage of multipliers is their 
nonlinear behaviour. They will not work 
with very low input power. Also, the 
noise figure is not very impressive, as it 
is not only the frequency that is multipl- 
ied but also the phase noise of the ATV 
VCO. 


2.3 Linear transverters 


Linear transverters are very suitable for 
use as a 3cm frontend. They make use of 
a frequency multiplier as well, but only 
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+ 
for the local oscillator signal. The modul- 
ated ATV signal is mixed with this local 
oscillator signal in a double balanced 
mixer (DBM) to produce the 3cm signal. 
Multiplication of a clear crystal genera- 
ted un-modulated signal is a very differ- 
ent story because we can improve the 
selectivity by using narrower filters, like 
helical or High Q cavity filters. 


Experiments show that only one High Q 
cavity is sufficient to perform frequency 
multiplication to 8x input frequency 
while suppressing all unwanted sub har- 
monics and harmonics, because of the 
extreme high quality factor of these 
cavities. The noise figure of the linear 
transverter is far better than the noise 
figures of both DRO and a multiplier and 
is mainly limited by the phase noise 
characteristics of the VCO used in the 
23cm exciting ATV transmitter. This 
phase noise varies depending of the 
tuning range of the VCO. This means 
that a transverter of this type could also 
be used for narrow band applications e.g. 
SSB, NFM and FM stereo multiplex. 
That is virtually impossible with DROs 
and multipliers. Last, but not least, all 
controls can be done indoors 1.e. transmi- 
tter frequency, local oscillator frequency 
(within the cavity limits +2.5MHz) and 
output power from zero to maximum. 


A very important and necessary part of 
the linear transverter is the filter that is 
placed at the output of the double balan- 
ced mixer. This filter has to be capable of 
suppressing all unwanted signals from 
the mixer RF port, of which the local 
oscillator frequency (9GHz) and the diff- 
erence frequency (approximately 7.5 — 
8GHz) are the strongest. Many other 
spurious signals are generated in the 
DBM, due to the nonlinear behaviour of 
the 4 schottky diodes in the ring mixer. 
These frequencies are so close to the 
output frequency, that they can saturate 
the final 3cm PA very easily, because 
they are also amplified. The filter must 
have a steep cut-off as close to the lowest 
transmitting frequency and still have 
enough bandwidth to permit the use of 
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the whole 3cm band. Normally, the only 
filter that is suitable for this purpose is 
the interdigital bandpass filter that is hard 
to construct by yourself and very expens- 
ive when you have to buy it. It also takes 
a lot of space. A filter of this type with 
acceptable dimensions is made by the 
Danish manufacturer PROCOM and has 
a price of approximately 250. However, 
the filter steepness is only necessary on 
the lower side of the passband because 
spurious and harmonics above 10.5GHz 
are negligible. Therefore, we can use a 
highpass filter instead of the interdigital 
bandpass filter. 


In an article, written by WA1MBA, that I 
found on the web described a method of 
using a waveguide as a highpass filter. 
Quote: “Waveguide is the world’s best 
highpass filter”. It appears that every 
type of waveguide can be used on freque- 
ncies that are slightly higher than half of 
the maximum frequency specified for 
that waveguide. Let’s take WR90 waveg- 
uide as an example: 


WR90 is the best waveguide for 3cm 
because its frequency range in standard 
TE,, mode is: 8.2 — 12.4GHz. This is the 
range of negligible attenuation. (<0.2dB- 
/cm). This waveguide shows a slightly 
higher attenuation (<1dB/cm) on freque- 
ncies below the specified 8.2GHz. This 
attenuation remains fairly constant upon 
lowering the frequency until about 
6.8GHz. If we go a little lower in 
frequency, the attenuation suddenly incr- 
eases dramatically to more than 10dB- 
/cm. We have passed the so called cut-off 
frequency that is specified for WR90 at 
6.557GHz. 


Armed with this knowledge, we now 
consider WR62 waveguide with a specif- 
ied frequency range of 12.4 - 18GHz. 
This waveguide has its cut-off frequency 
at 9.5GHz. A signal on 3cm (>10GHz) 
will pass fairly un-attenuated, while the 
local frequency (9GHz) is strongly atten- 
uated. The difference frequency (7.5 — 
8GHz) is even more attenuated because it 
is much lower than the local oscillator. 
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: 9.000 GHz 


Attenuation dB 


Fig 2: Attenuation 
properties of 
WR62 waveguide. 


10.250 GHz: 


— 


Path length cm 


Therefore, WR62 is ideal to use for our 
filter (See Fig 2). 


It should be noted, that the higher harmo- 
nics e.g. 20 and 40GHz _ will pass 
through with little attenuation, not only 
in TE,,mode, but also other modes. The 
effects are negligible. The cut-off freque- 
ncy appears to be inversely proportional 
to the dimensions of the waveguide. 


3. 
The prototype 


As a crystal oscillator chain takes consid- 
erable space and is very sensitive to 
temperature variations, it is not very 
attractive to place this part on the antenna 
mast. However, the last two doublers 
could be built very compactly into the 
outdoor mast-mounted device because 
they can be put together as a quadrupler. 


Based on these facts an idea for the 
prototype was formed as follows: 


Both local oscillator generation (signal 
A) and conversion of the ATV transmitt- 
ing frequency (signal B) will be split into 
two parts: 
* On the ground (indoors): Signals A 
and B on standard epoxy fibreglass 
board.( <2250MHz) 


* On the mast (outdoors): processing of 
signals A and B on PTFE board. ( 
>9GHz) 


More specifically: 


* On the ground, Signal A: Crystal 
chain (oscillator with 24x multiplicat- 
ion to 2250MHz) 


* On the mast, Signal A: Quadrupler 
using a cavity filter and amplifier to 
9GHz 

* On the ground, Signal B: Modulated 
ATV signal 1000 — 1500MHz (appro- 
ximately 10 - 30mW) 


* On the mast, Signal B: Mixing with 
9GHz (signal A) in DBM to 10GHz, 
filtering and amplification to a mini- 
mum of 10mW and maximum of 
200mW 


The most attractive concept is to transmit 
both A and B signals together with the 
DC supply voltage over a single coax 
cable to the transverter frontend. In order 
to achieve proper merging of both signals 
on the ground for the coax feed and 
proper separation of both signals at the 
frontend, we have to make use of two 
identical duplex filters, fitted with a bias 
tee for the power supply. Recent techni- 
cal developments (Minicircuits) yielded 
so-called LTCC filters with dimensions 
comparable to SMD resistors at a price of 
approximately €2 that are perfectly suited 
for our purposes. (LTCC is an abbreviat- 
ion of Low Temperature Cofired Ceram- 
ics) 


3.1 The mixer 


Recently the American manufacturer 
Minicircuits developed a double balanced 
mixer based on LTCC technology. This 
mixer can be obtained at an affordable 
price (approximately €10) and has the 
type code MCA1-12G. This mixer can be 
used between 3.8 and 12GHz. The IF 
range is DC to 1800MHz with an average 
conversion loss is about 6.2dB. This type 
is the best choice for our transverter. 
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Fig 3: The soldered 
cylindrical cavity 


M3 screws are 


clearly recognisa- 
|ble as well as the 
_ |2250MHz semirigid 
_ |coax bridge. 


Soldering of this mixer is however a 
precision job and requires certain skills 
because of its SMD format, but it can be 
done safely with a normal soldering 
station. 


3.2 The crystal oscillator chain 


This article mainly deals with the mast- 
mounted parts on PTFE board. The crys- 
tal chain that is necessary to generate the 
local oscillator frequency of 2250MHz 
with an output power of at least 1OmW is 
built on standard epoxy fibreglass board. 
It uses an old well known design consist- 
ing of a U310 FET and a 93.750MHz 
quartz crystal as exciter followed by; a 
tripler (BFR90), a doubler (BFR90) a 
doubler (BFR91A), a doubler (BFR91A) 
and amplifier (ERA-3). This makes mult- 
iplication of x 24. The print circuit board 
layout and parts are described chapter 7. 


3.3 The ATV-transmitter 


The ATV transmitter that drives the 
transverter should be capable of generat- 
ing an ATV baseband modulated signal 
that can be regulated manually between 
OmW and 30mW. The Comtech ATV 
transmitter that can be tuned from 1000- 
MHz to 1400MHz is well suited for this 
purpose giving an output frequency of 
10,000 — 10,400MHz. There are many 
other options. I will not discuss the 
details of this part in this article. 
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M3 scews holding 
the 9.5GHz 
highpass filter and 
the several copper 


shields. These 
shields are 
_ |discussed later on 


i) |the left the MCA1- 
_112G mixer can be 


Photographs of the bottom side and the 4, 
top side of the finished prototype are . — . 
shown in Figs 3 and 4. Brief description of operation 


(signal path) and block diagram 


On the ground, signals A and B are first 


Insertion loss, dB 


1000 


oe 


Sp oa eee eee 


Fig 5: Frequency 
characteristics of 


' LFCN-6000 | | 


pd 
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+ 
merged together by means of a 23cm/I1- 
3cm duplex filter, consisting of a LFCN- 
1200 lowpass and a HFCN-2000 highp- 
ass filter (Minicircuits). The 12V DC 
supply is added through a bias tee direc- 
tly after the duplex filter. These two 
signals with the added 12V DC are fed 
into a single coax cable. The far end of 
the cable at the mast frontend input the 
DC voltage is separated first by a bias 
tee. Then the two signals are separated by 
means of an identical duplex filter (Mini- 
circuits LRFCN-1200/HFCN-2000). As 
the 23cm lowpass filter (Minicircuits 
LFCN-1200) shows too little attenuation 
at frequencies of 9GHz and higher, an 
extra lowpass filter is added at the IF port 
of the mixer (Minicircuits LFCN-6000) 
that has enough attenuation for those 
frequencies and so prevents “leaking 
back” the local oscillator and output 
signals into the IF line. The passband 
characteristics of the duplex filter are 
shown graphically in Fig 5 together with 
the characteristics of the LFCN-6000 
lowpass filter. 


Signal A (10mW 2250MHz L.O.) travels 
directly from the highpass port of the 
duplex filter at the shorter board edge, 
through the earth plane into a bridge of 
semirigid cable and back through the 
earth plane to the top side at the opposite 
shorter board edge. There it is fed direc- 
tly into the quadrupler, consisting of an 
ERA21SM MMIC followed by a cylindr- 
ical cavity that is tuned to 9GHz. Signal 
A (now 9GH7z) is then amplified by 12dB 
with two ERA2ISM MMICs. At this 
point, the signal level is about 7dBm that 
is fed into the LOCAL port of the mixer 
(Minicircuits MCAI1-12G) and mixed 
with signal B (23cm ATV signal, maxi- 
mum 10mW!!). That comes directly from 
the lowpass port of the same duplex filter 
and fed into the IF port of the mixer via 
an extra lowpass filter (LFCN-6000). It 
should be noted that signal B has suffe- 
red some attenuation when it enters the 
mixer. This is because on its travel from 
the exciter on the ground to the mixer it 
has passed two bias tees and 3 lowpass 
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filters, resulting in an attenuation of 
about 3dB, depending on the cable length 
and quality. This means that maximum 
output power is reached when the ATV 
signal on 23cm is between 20 and 
30mW. 


The raw 10GHz signal (-17dBm) is gene- 
rated at the RF port of the mixer. This 
signal is fed into the WR62 waveguide 
by means of a quarter wave monopole 
antenna positioned through the earth 
plane inside one end of the waveguide, 
just like a coax waveguide transition. The 
waveguide has a length of about 5cm and 
functions as a very sharp highpass filter 
with a cut-off frequency of 9.5GHz. So 
the local oscillator and difference freque- 
ncies (respectively 9 and 7/8GHz) are 
almost completely blocked. Attenuation 
by this filter on 10GHz is about 2 - 3dB 
and is very significant for the ultimate 
output power, so the filter must be 
constructed with as much precision as 
possible. 


At the other end of the waveguide, an 
identical pickup monopole antenna is 
positioned and the signal (-18/-20dBm) 
travels through the earth plane back to 
the top side. It finally enters into a 3- 
stage 10GHz power amplifier, with high 
spectral purity, consisting of two MGF 
1302 stages and a final stage with a 
power GaAsFET that can be chosen from 
different types: MGF 1302/1323, 10 - 
30mW, or MGF1801, approximately 100 
- 200mW. Total amplification depends 
on the choice of the final transistor and is 
28 — 32dB. It should be noted that an 
MGF1801 GaAsFET is a pretty expens- 
ive device that operates best with an 
input signal of 50mW. If this level cannot 
be reached by the previous stages an 
MGF1323 is preferable because its gain 
is higher than the gain of an MGF1801 
but its output is lower. 


For a good overview everything discus- 
sed in the preceding story has been 
arranged in the block diagram shown in 
Fig 6. The parts that are operated on the 
ground or in the shack are shown as 
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Fig 7: Circuit diagram of the transverter. 


dotted. 


The circuit diagram is shown in Fig 7. 
The PCB layout for the transverter is 
shown in Fig 8 it is made from PTFE 
laminate with ¢, = 2.33 and thickness 
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Fig 8: PCB layout 
for the transverter. 


0.75mm (Taconic Ultralam or Rogers 
RT-Duroid). The dimensions are: 10.85 x 
7.10cm. The component layout for the 
transverter board is shown in Fig 9 
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Fig 9: Component layout for the transverter. 
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Fig 10: Details of the cavity filter and waveguide filter. 


5. 


Construction of the 9GHz 
cavity filter and the 9.5GHz 
highpass filter 


The cavity filter is made of a standard 
solderable brass end cap for copper gas 
tubing with an inside diameter of 15mm 
and an outside diameter of about 
175mm. The inside height is about 
11mm and the outside height is 13mm. 
The open edge of the cap is milled off to 
an inside height of 7.5mm. The milled 
edge should be straight, sharp and as 
smooth as possible. Drill a 3.5mm hole in 
the centre of the top side and tap a M4 
thread in the hole. This has to be done 
absolutely perpendicular to the surface. 
Now the cap is ready to use as a filter but 
for optimum performance and solderabil- 
ity it is better to mill off the inside 
diameter to 16mm and the outside diame- 


ter to 17mm, taking care that no material 
is milled off the top side. A silver plate 
finish is recommended but not imperat- 
ive. When the cap is finished, fit a 
headless silver plated screw (worm 
screw) with a length of 1 — 1.5cm. Screw 
it in until it has gone through the surface 
and is visible on the inside of the cavity. 
Then place a clamping ring over the 
screw and close it with an M4 nut. The 
cavity filter is now ready (See Fig 10). 


For the construction of the 9.5GHz high- 
pass filter we start with a piece of WR62 
waveguide that is sawn off and milled to 
an exact length of 5.10cm. Two holes 
with a precise diameter of 3mm are 
drilled on one broad side of the wavegu- 
ide (see Fig 10). Both ends are closed by 
soldering a brass block onto them accord- 
ing to the dimensions given in Fig 10.A 
silver plate finish internally as well as 
externally is recommended, but not impe- 
rative. All construction details are shown 
in Fig 10. 
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Fig 11: Attaching 
the cavity filter and 
semiridgid link 
cable to the ground 
side of the PCB. 


9.90 cm 


Semiridgid link cable 


A 


~ Solder connection] 
profile between 
cavity (A) and 


wT 


“| ground plane (B) 


Solder connection profile 
between semirigid outer (A) 
= and ground plane (B) 


Inner soldered to pad (C) 


sci on the component side 


‘Solder 


6. 


Detailed description of the 
transverter construction 


Note: If you do not have a signal genera- 
tor capable of producing UHF signals it 
is advisable to start with the construction 
of the crystal oscillator chain because a 
2250MHz signal is necessary in the 
course of constructing the transverter. 


We strongly recommend, that construct- 
ion is done in order of the following 
steps: 


Step 1: Adjusting the size of the 
printed circuit board to fit exactly in 
the housing and soldering the SMA 
connectors. 


Cut one short edge of the board with a 
Stanley knife to the exact size using the 
housing as a guide. Repeat the same 
procedure for the opposite short edge. 
Cut two notches (3mm x 0.3mm) in 
Opposite corners of the board and remove 
the sharp corners of the board. Fit the 
board into the two half sides of the 
housing. Adjust the board size until the 
board fits exactly. The short solder flan- 
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ges of each half housing side should fit 
exactly in the notches at opposite corn- 
ers. Use a marker pen to mark the 
positions of the SMA connector centres 
on both housing half sides. They should 
lcm from the top edge and 2cm from the 
bottom edge. Drill the holes for the SMA 
connectors (only the centres and not the 
flange holes!!) Solder the SMA connec- 
tors into the housing as centred as possi- 
ble. NOTE: Do not solder the board in 
the housing yet!! 


Step 2: Drill 13 holes with a diameter 
of 1.0mm and isolating them from the 
ground plane. 


These holes are for the waveguide highp- 
ass filter (2), the cavity filter (2), the 
choke (2) , the wire bridge for the 12V 
DC _ supply to the 78L05 regulator (2), 
both ends of the semirigid bridge (2) and 
the 78LS08 regulator (3) All are isolated 
from the ground plane except for the 
middle hole of the 78LSO8 regulator. 
NOTE: The isolation distance for the 
cavity filter and the semirigid bridge 
from the ground plane should be at least 
1.0mm but not more than 1.5mm from 
the centre hole. 
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Fig 12: Making the 
waveguide filter. 
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Step 3: Drill 4 positioning holes for 
the cavity filter with a 0.6mm drill. 


These 4 holes are indicated on the board 
(see Fig 9). 


Step 4: Drill 3 holes for connections to 
the ground plane with a 0.6 mm drill 


These 3 holes are located within the 
footprint of the MCA1-12G DBM and 
are indicated on the board (see Fig 9). 
Pull a bundle of 3 thin copper wires 
(<0.2mm diameter each) through all 3 
holes and solder them to both sides of the 
board with excess solder. Remove excess 
solder with solder wick to keep the board 
as flat and smooth as possible. 


Step 5: Soldering the cavity filter and 
the semirigid cable bridge on the 
board (Fig 11) 


We start with attaching the cavity filter to 
the board. Position the board with its 
ground plane upwards on a good and 
stable table with a heat resistant top or 
perfectly a smooth wooden plate. Locate 
the 4 positioning holes and put a single 
0.6mm wire (length about 0.5cm) into 
each hole. Bend the 4 wire tops slightly 
away from each other, so that they are 


arranged like a funnel. Check to see if the 
board is perfectly straight and smoothly 
resting on its support. Lower the cavity 
filter without its tuning screw and screw 
hole upwards between the 4 positioning 
wires. Apply pressure on the cavity and 
check that it is resting perfectly on the 
ground plane. If not, press it in place 
between the 4 wires. Bend the 4 wires 
back into an upright position touching the 
sidewall of the cavity. Keep a fairly high 
pressure on top of the cavity by means of 
a heat resistant tool e.g. screwdriver 
while soldering the cavity to the ground 
plane. This prevents solder leaking inside 
the cavity. Apply enough solder to cover 
the whole circular contact area with 
excess. (Caution, the cavity gets very 
hot!!). Apply heat until the soldering 
profile pictured in Fig 11 is reached all 
around the cavity. Keep the pressure on 
the cavity until the solder has cooled 
down. After reaching room temperature 
put the tuning screw, clamping ring and 
nut back in place. 


Prepare two Imm soldering pins accord- 
ing to the procedure shown in Fig 11 and 
solder them in place. The collar of the 
pin has to be firmly pressed against the 
board. The longer pointed ends on the 
other side of the collar are used to keep 
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the pin perfectly perpendicular and paral- 
lel while soldering. After cooling down, 


the long pointed ends are clipped off and 
flattened (see Fig 11). 


Bend a piece of semirigid cable as shown 
in Fig 11. The two ends should be 
exactly parallel and perpendicular to the 
middle section of the cable. Shorten both 
ends to a total height of 18mm (see Fig 
11). Remove the cable shielding and 
PTFE dielectric at both ends over a 
length of 3mm. The semirigid bridge is 
now fitted in the board on the ground 
plane side. Press the bridge until the 
copper cable shielding touches the 
copper of the ground plane. The height of 
the bridge is now 15mm. Solder the 
bridge at both ends to the ground plane 
using excess of solder around the cable 
shield until the soldering profile shown in 
Fig 11 is achieved. Solder the two 
protruding centre conductors to the 
solder eyes on the circuit side of the 
board (top side). 


Step 6: Mounting the WR62 highpass 
filter on the board (Fig 12). 


Prepare two 1mm PTFE feedthroughs in 
6 consecutive steps as indicated in Fig 
12. Alternatively two pieces of 3.5mm 
semirigid cable can be used (see Fig 12). 
Press them both in the holes from the 
ground plane side of the board. The 
PTFE body of the pins should fit exactly 
in the isolation space in the ground plane 
around the hole. Check that they are 
perpendicular and solder them to the top 
side of the board. Mill off the soldering 
points to about 0.2mm above the board. 
Place the board on the table with its 
ground plane upwards and place the 
waveguide filter with its two holes direc- 
ted downwards onto the two protruding 
feedthrough pins. Push and move the 
filter carefully in its place. If everything 
is OK the filter rests on the ground plane. 
If you have trouble with an exact fit it 
helps to taper the PTFE isolating collars. 
Remove the filter from the board and put 
it aside. Carefully drill two M3 holes in 
the board at the positions indicated on the 
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component layout. Prepare an aluminium 
or brass plate with dimensions 2cm x 
3cm x 0.2cm. Position the plate on the 
ground plane over the two M3 holes in 
such a way that both holes are covered by 
two opposite corners of the plate and 
parallel to the board. When the right 
position is found attach the plate to the 
ground plane with Sellotape. Turn the 
board with its topside up and mark the 
plate through the M3 hole, with a marker 
pen. Then remove the Sellotape and the 
plate. Drill the two marked spots with a 
2.5mm drill and tap with an M3 thread. 
Place the filter back in its position and 
put two M3 screws with washers through 
the M3 holes from the top side. The two 
screws protrude on the ground plane side 
exactly on both sides of the filter. Attach 
the plate above the filter with the screws 
until every part is touching the ground 
plane. CAUTION: Do not over tighten 
the screws because it will deform the 
board. Remove the filter and plate again 
and put them aside. 


Step 7: Soldering the circuit board 
into the housing. 


Draw a line on the inside of both half 
sides of the housing with a marker or a 
sharp knife. This line should be in line 
with the positions of both connector 
centre conductors. The distance from the 
top edge should be Icm and the distance 
from the bottom edge consequently 2cm. 
(total height of the housing is 3cm with- 
out top and bottom covers.) 


Solder both half sides of the housing 
together at their soldering flanges in the 
two opposite corners. Place the housing 
frame on the table with the connector 
centre conductors at lcm above the table. 
The circuit board is now fitted in with its 
ground plane upward. Press the board 
down until it rests on both connector 
centre conductors and align exactly with 
the line drawn inside the housing. Keep 
the board as straight as possible. Secure 
the position of the board by soldering it 
to the housing at several points. Turn the 
frame to have its top side upward and 
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solder the centre conductors of the conn- 
ectors to the circuit board. Turn again to 
the bottom side and solder the ground 
plane to the housing on all four edges 
without any gaps. Finally, the board is 
turned to the top side and soldered to the 
housing at the dedicated areas ( see PCB 
layout). 


Step 8: Soldering all components on 
the circuit board 


Solder all SMD resistors, tantalum capac- 
itors, the 3 SMD variable resistors, the 3 
SMD filters and the SMD ceramic capac- 
itors onto the board. Do not solder the 
Johansson trimmer capacitor and the 
MCA1I-12G mixer. Solder the wire 
bridge, the choke and the 78LS08 regula- 
tor that are positioned with their connect- 
ing wires through the isolated holes in 
the ground plane. Finally solder the SMD 
regulator (78LO5) and the SMD voltage 
inverter (ICL7660). Make a break at two 
places in the 8V DC feed to the GaAsF- 
ETs and bridge them each with a wire 
and two ferrite beads (see component 
layout). 


Note: An optional 10GHz detector can be 
mounted on the circuit board consisting 
of a 50 SMD resistor, a 1pF ceramic 
capacitor and a schottky diode (BAT15- 
03W). This can be used for AGC of an 
eventual extra final PA stage. 


Test all the supply before fitting the three 
ERA21SM MMICs in place and drill a 
0.6mm hole near the ground pins on both 
sides of the MMICs and solder a through 
connection to the ground plane. Note: 
The through holes should be as close to 
the package of the MMICs as possible to 
prevent parasitic oscillations. Connect 
the power supply again via the bias-tee 
and measure the voltages on inputs and 
outputs of the MMICs. Inputs should be 
2.5 - 3.0V. Outputs should be 3.5 - 3.8V. 
If this is not the case carefully inspect 
connections to the MMICs for short 
circuits or breaks. 


Now fit the first MGF1302 GaAsFET. 
First bend both source connections 90° 


downward as close to the package as 
possible. Temporarily fit the filter to the 
board. Cut two parallel slits 1.9mm apart 
through the ground plane and making a 
scratch in the filter housing as sown on 
the components layout. Remove the filter 
and push the GaAsFET source connecti- 
ons carefully through the board. On the 
other side of the board bend the connecti- 
ons as flat to the ground plane as possible 
and solder them leaving the ground plane 
as flat as possible by removing excess 
solder with solder wick. Now replace the 
waveguide filter with a small notch 
(0.5mm depth and 4mm diameter) milled 
in the filter to make room for the solder 
where the GaAsFET is fitted. This is 
marked on the filter housing by the two 
scratches made earlier. Secure the filter 
with its retaining plate. 


Repeat the same procedure for the two 
remaining GaAsFETs (except for the 
filter manipulations). It is not necessary 
to bend the source connections flat agai- 
nst the ground plane for these FETs. If an 
MGF 1801is used the two parallel slits in 
the board should be 2.7mm apart instead 
of 1.9mm. 


Finally, drill all through connections to 
the ground plane with a 0.6mm drill (as 
indicated on the component layout) and 
solder the connections to the ground 
plane, leaving ends of 3mm length protr- 
uding at the circuit side. Do not solder on 
the top side because they locate a the 
copper shields. 


Step 9: Fitting the copper shields 


Prepare a few strips of thin copper foil 
15cm long and Icm wide. Start with the 
shield that crosses over the second GaAs- 
FET. As there are three GaAsFETs with 
a total gain of more than 20dB this shield 
is necessary to prevent spontaneous osci- 
llation. Cut notches where the supply and 
bias feed the FET and for the FET. Note: 
The notch for the FET should fit exactly. 
Fit the strip between the protruding 
ground pins, check that the lower edge 
touches the board everywhere and the 
strip is perpendicular. Now solder all 
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Fig 13: Circuit diagram of the 2250MHz crystal oscillator chain. 


wires to the shield. Finally solder one end 
of the shield to the metal housing. The 
other end will be soldered to the second 
shield at a later time. 


The second shield closes off the 10GHz 
signal completely and also prevents unw- 
anted coupling of the 2250MHz LO 
signal. This is fitted in the same way as 
the first shield. 


Step 10: Tuning the Local Oscillator 
to 9.0 GHz 


Before the MCA1-12G mixer is fitted we 
have to tune and optimise the local 
oscillator. 


Connect the power supply to the input 
connector via the bias tee. Connect a 
signal generator, or another signal source 
like the crystal oscillator chain capable of 
producing 10mW on 2250MHz, to the 
RF port of the bias tee. Solder the centre 
conductor of a coaxial test cable, which 
has been fitted with a connector on the 
other end onto the stripline that leads to 
the LO port of the mixer. Solder the 
cable shielding to a ground point on the 
board in the near vicinity of the LO 
stripline. Connect the cable to a spectrum 
analyser tuned at 9GHz. Tune the cavity 
with its tuning screw to a power maxi- 
mum at 9GHz. (approximately 5mW). 
Next tune the analyser to 2250MHz. This 
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signal has to be significantly lower than 
the 9GHz signal!! (less than —10dBc) . 
When the signal on 2250MHz is almost 
equal to or stronger than the 9GHz signal 
a Johansson trimmer has to be soldered at 
the position indicated in the component 
layout. Tune the trimmer foe a maximum 
9GHz signal output. Check the 2250MHz 
signal again. It should be considerably 
weaker and sufficiently low. Allow the 
circuit to warm up to a stable temperature 
and retune the cavity if necessary 


Step 11 Fitting the Minicircuits 
MCA1-12G DBM 


Finally we can solder in the MCA1-12G 
Double Balanced Mixer. It is recommen- 
ded, to pre-solder the footprint (10 pads) 
and remove excess with solder wick. 
Position the chip and use thin soldering 
tip to solder all 10 contacts. This comple- 
tes the construction. 


Step 12: Biasing the GaAsFETs 


For this procedure a laboratory power 
supply with a variable constant current 
limiter must be used set to 12V DC. Set 
the current limit to 500mA. It is recomm- 
ended to use a multimeter in the +ve lead 
to measure the current correctly. Connect 
this supply to the transverter input conne- 
ctor via a bias tee. We should now read a 
current of about 150mA. Record this 
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Fig 14: PCB 
layout the 
2250MHz crystal 
oscillator chain. 
and duplex filter. 


Crystal oscillator chain PCB 


Duplex filter PCB 


value (accuracy to 1mA). This value we 
call “the starting value” 


Notes: 


¢ If the current is too high or rises to the 
500mA limit, immediately disconnect 
the power supply!! 

* Keep a close eye on the ammeter in 
the following procedure, as too high 
currents for too long time will damage 
the GaAsFET!!! 


Adjust the variable biasing resistor for 
the first GaAsFET (MGF 1302) and set a 
current of 33mA above the starting value 


and record that value. 


Adjust the variable biasing resistor of the 
second GaAsFET (MGF 1302 and set a 
current of 66mA above the starting value 
and record that value. 


Repeat the same procedure for the last 
GaAsFET (MGF 1302/1323/1801). For 
the MGF 1302 or the MGF 1323 the 
current increase should be 110mA above 
the original starting value. For the MGF 
1801 the current increase should be 
166mA above the original starting 


Fig 15: Component 
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7. 


Construction of the 2250MHz 
Crystal Oscillator 


Both crystal chain and duplex filter are 
built on standard 1.45 mm epoxy fibregl- 
ass board. The circuit diagram is shown 
in Fig 13. 


The circuit diagram shows two variable 
resistors intended for controlling the 
output power. The schematic for the 
duplex filter can be deducted from the 
transverter input filter since they are 
identical. The crystal oscillator chain can 
be built in a standard housing of 111 x 55 
x 30mm. The duplex filter can be built in 
a standard housing of 37 x 37 x 30mm 
using N connectors or 37 x 37 x 20mm 
when SMA connectors are used. The 
PCB layouts are shone in Fig 14 and the 
component layouts in Fig 15. 


After finishing construction, tune the 
crystal chain to maximal output on 2250- 
MHz (approximately 15mW). 


8. 


Putting the transverter into 
action. 


With a test configuration as shown in the 
block diagram, Set on the ATV transmit- 
ter to 1250MHz and about 2mW. The 
power meter or spectrum analyser will 
show an output between ImW = and 
20mW. Switch off the ATV transmitter. 
Power output should now drop to OmW. 
Repeat this procedure several times 
during the whole tuning procedure. If at 
any moment the power doesn’t drop to 
OmW when switching off a_ parasitic 
oscillation is occurring. The biasing of 
the GaAsFETs should then be checked 
and capacity should be added on the spot 
where the oscillation occurs. As the 
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mixer has a certain optimal LO input it 
has to be tuned to that power with the last 
variable resistor in the crystal chain 
circuit to yield maximum output power at 
10.250GHz. Regulate the output power 
of the ATV transmitter to maximum 
output power on 10.250GHz. Then place 
the top cover on the housing. An 
increase in output power will be obser- 
ved. Output power should be at least 
30mW. If the power is too low it is 
recommended that ground continuity is 
checked throughout the whole circuit. In 
this way a power of 40mW was reached 
for this prototype 


9. 


Transverter specifications: 


10mW 
(with MGF 1302) 
20mW 


Output power on 10.25GHz: 


(with MGF 1323) 
40mW 
(with MGF 1801) 


10mW (at 
transverter input) 
10mW (at 
transverter input) 
>50dB 


<2dB (at OdB 
flatness ATV 


2250MHz LO input: 
1250MHz ATV signal input: 
Isolation LO/23cm signal: 


Output flatness between: 
10.0 and 10.5GHz 


transmitter) 
Stability Local oscillator: lppm ( between 0 
and 30°C) 
Stability LO with PTC: 0.5ppm (between 0 
temperature regulation 30°C — and 30°C ) 
Supply voltage: 12.0+1.5V DC 
DC current consumption: approximately 
250mA (with 
MGF 1302/1323) 
approximately 
350mA (with 
MGF 1801) 
Spectral purity at 10.250GHz 
output and 125 MHz drive: 
9GHz LO suppression: approximately 
-30dBc 
7.75GHz image suppression: approximately 
-37dBc 
2250MHz spurious suppression: approximately 
-30dBc 
1250MHz drive suppression: >-50dBc 
20.5GHz 2nd harmonic: approximately 
-60dBc 
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9. 


Parts List - Transverter and 
External Duplex filter 


Semiconductors: 

3x ERA-21SM 

3x MGF 1302 

1x MGEF 1323 or MGF 1801 
1x 78LS08 

1x 78L05 (SMD) 

1x ICL7660 (SMD) 

SMD Resistors: 

4x 22Q 

6x 220Q 

3x 10k&2 Trimpot 

SMD Capacitors: 

3x 1pF 

2x 1,5pF 

1x 2.2pF 

2x 5.6pF (incl. ext. duplex filter) 
1x 10pF 

2x 12pF (incl. ext. duplex filter) 
6x InF 

SMD 25V Tantalum electrolytics: 

2x 1uF 

2X 10uF 

Special Minicircuits SMD parts: 

1x MCAI1-12G DBM 

2x LFCN-1200 

1x LFCN-6000 

2x HFCN-2000 

Special filters and other parts: 

1x Cavity bypass filter 9GHz 
1x Waveguide WR62 highpass filter 
1x PTFE PCB 

2x InF ceramic feedthrough 
1x Fiberglass PCB 

lx Housing 74 x 111 x 30mm 
1x Housing 37 x 37 x 20(330)mm 
5x SMA connector 

2x 1uH high current choke 

1x Jonansson trimer 0.5 - 2.5pF 
1x Copper strip 20 x lcm 

2x Solder pin 

2X PTFE feedthrough 

1x 3.5mm semiridgid 15cn long 
4x Ferrite bead 


10. 


Parts List — Crystal Oscillator- 
Chain 2250MHz 


Semiconductors: 

2x BFR9I0DA 

1x BFR 91A 

1x U310 

1x ERA-3 

1x 78L09 

Resistors: 

5x 10Q 

3x 47Q 

3x 150Q 

1x 220Q 

2x 3300 

2x 500Q2 trimpot 

2x 1.5kQ 

1x 10kQ 

Capacitors: 

1x 2.7pF 

1x 4.7pF 

6x SpF SKY trimmer 

2x 5.6pF 

1x 10pF 

53x 10pF SKY trimmer 
2x 10pF (SMD) 

1x 47pF 

6x InF 

10 x InF ceramic trapezoidal 
1x InF ceramic feedthrough 
1x 1uF electrolytic 

1x 10uF electrolytic 
Inductors: 

1x Neosid 5061 

1x 0.22uH 

1x 0.46uH 

2x 1puH 

Other parts: 

1x 93.750000MHz crystal 
1x Housing 55 x 111 x 30mm 
1x Epoxy PCB 

1x SMA connector 
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7. 


Results and measurement 


Fig 19 shows the measurement result of 
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the RF switch in the through position 
when St6 is fed with a DC voltage of 
+12V. The transmission loss (S21) is 
approximately 1dB; the reflection coeffi- 
cient (S11) in the lower frequency range 
is better than —20dB and —16.9dB at 
145MHz that is still sufficient. 


Fig 17: Picture of 
the prototype AGC 
test switch. 
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Fig 20 shows the RF switch in attenuat- 
ion position, i.e. St3, Stl, St4 and ST8 
fed with +12V. The transmission loss 
(S21) is approximately 13dB, 3dB more 
than expected. The reflection coefficient 
(S11) in the lower frequency range is 
better than —20dB and still sufficient at 
S50MHz getting better at 145MHz. This 
indicates a periodical compensation of 


CH1 S11 dB MAG 10 dBv REF O GB 


Fig 18: Picture of 


the prototype AGC 
test switch. 


the attenuation. 


Fig 21 shows the RF switch in the 10dB 
attenuation position, i.e. St3, St2, St4 and 
ST8 fed with +12V. The transmission 
loss (S21) is approximately 23dB, 3dB 
higher than expected; the reflection coef- 
ficient (S11) is better than —20dB in the 
lower frequency range. The notch in 
attenuation is pulled to a lower frequency 


Fig 19: RF switch 
in "through" 
position. 
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Fig 20: RF switch 
in "attenuation" 
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(110MHz), the attenuation is still good at 
145MHz. 


Fig 22 shows the RF switch in the 20dB 
attenuation position, i.e. St3, Stl, St9 and 
ST8 are fed with +12V. The transmission 
loss (S21) is approximately 33dB, 3dB 
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higher than expected; the reflection coef- 
ficient (S11) is better than —20dB in the 
lower frequency range. The notch has 
disappeared; the attenuation is still suffi- 
cient at 145MHz. 


Fig 23 shows the RF switch in the 30dB 


Fig 21: RF switch 
in the 10dB 
attenuation 
position. 
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Fig 22: RF switch 
in the 20dB 
attenuation 
position. 
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10.019 MHz]... 
-3h 01 Hess 
30.017 MHz 


attenuation position, i.e. St3, Stl, St4 and 
ST9 are fed with +12 V. The transmiss- 
ion loss (S21) is approximately 43dB, 
3dB higher than expected; the reflection 
coefficient (S11) is better than —20dB in 
the lower frequency range. The notch has 


CH1 S11 dB MAG 10 dBv REF O oB 


STOP 200 MHz 


disappeared; the attenuation becomes 
good at 145MHz. 


Fig. 24 shows the RF switch in the 40dB 
attenuation position, i.e. St3, St2, StS and 
ST8 are fed with +12V. The transmission 
loss (S21) is approximately 53dB, 3dB 


Fig 23: RF switch 
in the 30dB 
attenuation 
position. 
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STOP 200 MHz 


CH1 S11 dB MAG 10 dBv REF O oB 


VHF COMMUNICATIONS 1/2013 


-15.78 oB 
145.0055 MHz 
-26.55 dB 
10.019 MHz 
-m& 28GB 
30.017 MHz 


Fig 24: RF switch 
in the 40dB 
attenuation 
position. 


145.0055 MHz 
-51.13 cB 
10.019 MHz |. 
-8 (4 21EGB 4 ~ 
30.017 MHz 


higher than expected; the reflection coef- 
ficient (S11) is better than —20dB in the 
lower frequency range. The notch in 
attenuation is about 100MHz; the attenu- 
ation becomes good at 145MHz. 


Fig 25 shows the RF switch in the 50dB 


CH1 S11 dB MAG 10 dBv REF O oB 


STOP 200 MHz 


attenuation position, i.e. St3, Stl, StS and 
ST9 are fed with +12V. The transmission 
loss (S21) is approximately 63dB, 3dB 
higher than expected; the reflection coef- 
ficient (S11) is better than —20dB in the 
lower frequency range. There is a weak 


Fig 25: RF switch 
in the 50dB 
attenuation 
position. 
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notch in the attenuation at about 7OMHz, Fig 27 shows the feed impedance (S11) 
the attenuation is sufficient at 1|45MHz. — in the 50dB position. The feed impeda- 


Fig 26 shows the feed impedance (S11) eames BAUER et Osay AN 
in the through position. The feed impeda- 

nce falls with frequency to 38 +j18 ohms It is noticeable that in both cases an 
at 145MHz. inductive portion of the feed impedance 


Fig 27: Feed 
impedance (S11) in 
the 50dB 
attenuation 
position. 
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i> 1.02000ys 


source 
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rises at higher frequencies. 


Fig 28 shows the switched RF signal (9 
MHz, OdBm) in the through position. The 
upper curve is the switching signal, the 
lower curve the switched RF signal. 


There is not recognisable over-swing at 
the switching point. The switching time 
is probably due to the CMOS IC’s and 
the discrete component driver circuit. 


Fig 29 shows the switching off of the RF 
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Fig 28: Switch on 
behaviour of the 
RF switch with a 
9MHz, 0 dBm 
signal. 


A Trigger 
Source 


chi 


2.24V'  —more- 
1 of 3 


Mode 
Auto 
& Holdoff 


Level 
2.24 V 


signal; the upper curve is the switching 
signal, the lower curve the switched RF 
signal. 


The relatively long fall time is probably 
due to the CMOS IC’s. 


Fig 29: Switch off 
behaviour of the 
RF switch with a 
9MHz, 0 dBm 
signal. 
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VLF receiving with an Active 
Magnetic Antenna and PC sound 
card interface, part 2 


Continued from issue 4/2012 


7. 


Third project: Antenna using 
the principle of the field 
strength meter 


This principle is investigated in the follo- 
wing paragraph. The basic circuit is a 
shorted antenna with the short circuit 
current measured as shown in Fig 22. 


Preparation: only half of the coils were 
used producing only half the antenna 
voltage induced by the far field compared 
to the previous ferrite antenna. But the 
inductance decreases to approximately 
one quarter (exactly 1.09mH) and thus 
the short circuit current and output volt- 
age should rise to double the value from 
the 4mH coil (see Chapter 4). 


The input of an inverting operational 
amplifier acts as a short circuit. Its 


Short circuit current 


Antenna 
voltage 


voltage gain at 77.5kHz can be determi- 
ned as follows. 
Rex 2g ot 


Amplification = ——— = — = —41. S5times 
pus %, San 


The 22kQ is the resistor in the feedback 
path of the amplifier and the 531Q is just 
the reactance of the 1.09mH antenna at 
77.5kHz because losses no longer play a 
part. The amplifier has a 50 output and 
the overall gain for the connection to the 
spectrum analyser is reduced by half (i.e. 
20.75). 


A comment on the loss: 


There is no need to worry about quality 
of the coils and its influence on the 
related losses because very quickly the 
inductive reactance of the antenna, that 
determines the short circuit current, is 
much greater than the loss resistance. 
There can be problems at low frequenc- 
ies: the reactance continuously decreases 


Fig 22: An entirely 
different idea: 
Measurement of 
the short circuit 
antenna current 
with an operational 
amplifier (see text). 


Output signal 
(reversed phase) 
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and the gain continues to rise according 
to the above formula. Therefore an addit- 
ional 10@ resistor has been inserted in 
the connection between the antenna and 
amplifier input. This limits this increase 
to high final value, with the 6 loss 
resistance of the coil this can increase to: 
Vinal = (0.5) X (22000/16) = 687.5. Let's 
see if that is acceptable with the strong 
50Hz fields around. 


Ferrite > 
rod 
antenna 


KL2 
ST 4s ST uw 
a cy 


Fig 24: The circuit is quite simple. 


om 


Fig 23: There were 
no great efforts for 
the practical 
application of this 
broadband system. 


A PCB was designed with dimensions of 
30 x 50mm and fitted into a machined 
aluminium housing with the necessary 
connectors (SMA for the RF output / 
SMB for the +5V supply voltage). Fig 23 
shows the overall arrangement with lid 
removed. The circuit diagram is shown in 
Fig 24. The PCB layout is shown in Fig 
23s 


o 


Breitband- 


Go Go 
VLF—-Antenne 1 
cael FR¢ / 1, 5mm 

,: 


In 


Now, we are naturally interested in the 
reception result. DCF77 produced a level 
of -71dBm = 63yV that is at least 40dB 
less than with the two selective antennas 
- also due to the resonance peaks that are 
no longer present! From the simulation 
shown in Fig 26 this gives an induced 
antenna voltage of 4yuV. Theoretically 
this should be half of 6.6uV i.e. 3.3nV, 
but this difference of 20% was not traced. 


Nevertheless, the receiver works and the 
stability of the output voltage from 
10kHz to 200kHz to is shown in Fig 26. 


Fé] LTspice IV - Breitband_02_final 
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Fig 25: The PCB 
for the broadband 
amplifier. 


=a 


8. 


Fourth project: Repeat project 
1, but with less antenna coil 
inductance 


After project 3 there was a ferrite antenna 
with half the number of turns and one 
quarter of the inductance available that 
made me curios: what results would 
come from the "simple" active antenna 
with the elaborate isolation amplifier 
from project 1 — that should be quickly 


Continued on page 35 


{{ Breitband_02_final #¥ Breitband_02_final | 


Measuring point for 
the antenna power 


.ac dec 4001 1 200k .lib opamp.sub 


7 
Measuring point ee 


the output voltage 
(63uV = -71dBm) 


Induced antenna voltage 
= 4uV at 77.5kHz 


Output voltage 
= 63uV (-71dBm) 


20KHz 40KHz 60KHz 80KHz 100KHz 120KHz 140KHz 160KHz 180KHz 200KHz 


Fig 26: The simulation shows the promised constant output voltage over a wide 
band for a constant field strength. 
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determined? 


So, the capacitor was increased to regain 
resonance at 77.5kHz. With the I1mH 
(exactly: 1.09mH) reduced inductance a 
value of 3.86nF was necessary that was 
easily achieved using a 3.3nF in parallel 
with a 560nF capacitor (Styroflex versi- 
ons). 


The subsequent reception attempt provi- 
ded few surprises but rather a confirmat- 
ion of the considerations: 


¢ The output level after the first stage 
amplifier with minimum gain fell 
from -31dBm to -38dBm. 


¢ It should theoretically be a 6dB decr- 
ease due to the halved number of 
turns but a decrease by 7dB can also 
accepted. 


9. 


Additional project: Electric 
shielding 


What does additional electrical shielding 
give to an antenna? Theoretical and 
practically this should give fewer probl- 
ems from nearby electrical interference 
fields and hence a better signal to noise 
ratio. We must not forget to ground this 
screen carefully otherwise it is nothing at 
all. It should not be a closed tube around 
the antenna; it must be cut lengthwise 
otherwise the resulting short circuit win- 
ding takes away all reception (I tried)! 


There is something else to note that was 
confirmed by an experiment: 


In all three projects the current that flows 
generates a magnetic field in the ferrite 
antenna. Interestingly, the level at the 
amplifier output for the same level decre- 
ases with decreasing diameter of the 
shield. Surely, this is caused by the ever 
increasing eddy currents produced by the 
antenna current in the shield that causes a 
decrease in the quality. Increasing the 


diameter so that the original level is 
reached requires that the diameter of the 
shield be between half and the entire 
length of the rod. Referring to the begin- 
ning of the article Fig 1 shows the 
answer. It is at that point where the first 
lines apparently turn in the direction of 
antenna and produce a portion of the 
voltage that in turn leads to a current in 
the winding of the antenna. 


10. 


Fifth project: Three coil 
antenna for 136 kHz 


The instrument amplifier developed for 
project 2 with the OPA355 is very "good 
natured" and broadband (it has been 
tested up to 1OMHz and shows a flat 
frequency response). So replacing the 
antenna with a 135.7 — 137.8kHz amateur 
radio antenna is easy. 


10.1 The circuit 


The number of turns on the 4mH ferrite 
antenna must be reduced by a half; even 
at 77.5 kHz the 2k reactance was very 
high. The inductance decreases by a 
quarter and the accurately measured 
value is 1.09mH. Two of the four part 
windings were removed and the centre 
tap relocated to between the two remain- 
ing windings. 


Next, the quality was measures as descri- 
bed in chapter 5.3, the result was no 
surprise: 


Q = 177 was the value measured at 
136.7kHz including a series loss resista- 
nce of approximately 5.3Q . This quality 
value was also measured for the 77.5 kHz 
project. 


Two pot core inductors were wound for 
L = 1.09mH. These were the same design 
as in the first two projects (core material 
= N28 / AL value = 250). They were 
wound with 66 turns; don't forget the 
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ease 
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Output voltage 
in dB 


137KHz 


Fig 27: The 136KHz band requires a 
wider bandwidth so a lot of work was 
required but a spike still remains. 


141KHz 145KHz 
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centre tap. The subsequent measurement 
of the quality found Q = 361 (with R,... 
= 2.6Q), that fits well with the value of Q 
= 367 at 77.5 kHz in Chapter 6.2. 


Now came the hardest part; the simulat- 
ion diagram component values for the 
filter had to be changed until a fairly 
useful "filter curve" for the frequency 
range from 135.7kHz to 137.8kHz was 
found. Damping resistors across the coils 
were necessary to give the required range 
and to reduce the extreme slope in the 
middle of the band. The compromise 
curve is shown in Fig 27 with the 
remaining peak of 3.5dB at 136.7kHz 
(bottom diagram) that probably has to be 
accepted. Compare this with the curve 
for the 77.5kHz version in Fig 20: the 
ripple is larger but it is only receiving a 
single narrowband signal for DCF77, 
therefore plays no major role. 


In the simulation diagram Fig 28 only the 
3 damping resistors are added to the 


X File Edit Hierarchy View 


Basal) T|4 9)QQQR\B 


Simulate Tools Window Hel 


Bee sem SS\249S43 4D VE 


T. BPF_136kHz_02 | BPF_136kHz_02 


Measurement point for 
half antenna voltage 


lib opamp.sub 
-ac lin 8001 125k 145k 


Q of antenna = 177 (measured) at 136.7kHz 


Q of second and third resonant circuit inductance 


Mearurement point 
for output voltage 


Additional damping resistors 


Fig 28: The new simulation diagram for 136kHz. 
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77.5kHz diagram. Of course the values of 
the inductors, loss resistance, circuit cap- 
acitors and the coupling capacitors in the 
filter are changed for 136.7kHz. 


Thinking of the induced voltage of the 
antenna compared to 77.5kHz. The 
number of turns in the winding was 
halved resulting in only the half voltage. 
The frequency was increased by a factor 
of: 


136.7kHz / 77.5kHz = 1.764 


increasing the induced voltage accordin- 
gly by this factor. At the same field 
strength compared to 77.5kHz this gives 


0.5 x 1.764 x 6.5nV = 5.73)V. 


The 4mH inductance has been reduced to 
lmH (due to the half number of turns). 
The constant current source at the input 
of the simulation diagram must be adjus- 
ted to give exactly the newly calculated 
5.73uV at 136.7kHz (or 2.865yV as half 
voltage to ground). This is a current 
amplitude I of 6.612nA. Of course the 
output voltage of 2.4mV is decreased 
compared with the 77.5kHz version. But 
this is really not a problem: all measure- 
ments and simulations have been made 
so far with the minimum gain setting and 
there is enough gain in reserve to compe- 
nsate. 


Fig 29 shows the circuit diagram with the 
changed component values and recognis- 
able circuit changes to be used in the next 
chapter. 


10.2. A tour of the 136kHz band 


After the circuit was built and the coils 
matched to give the required filter curve 
it was exciting: what will be found on 
this band with a spectrum analyser? You 
should know exactly what antenna power 
corresponds to what level on the analyser 
screen as follows: 


For the minimum gain setting an antenna 
signal of lV and f = 136.7kHz produces 
a voltage at the analyser input of 2.4mV / 
5.73 = 419uV. This corresponds to a 
level of -54.5dBm. 


That seems small but it is no problem. 
Turn up the gain using the potentiometer 
so that an induced antenna voltage of 
1ynV gives an output signal of -40 dBm = 
2.24mV. Such voltage values still don’t 
stress the spectrum analyser. 


So the arrangement is quite optimistic for 
scanning the 136kHz band but except for 
an increased noise level nothing was 
found! The measurement bandwidth was 
reduced as far as possible and the sweep 
time reduced accordingly then some tiny 
and barely visible "spikes" in the noise 
were found in the now extremely slow 
display. An amplitude calculation using 
the measured level was still under 0.14V 
and thus it became clear: 


A sweep of the 136kHz band with a 
spectrum analyser is not the correct tech- 
nique because the extremely slow sweep 
rate of signals such as QRSS telegraphy 
cannot be seen because the amplitude 
history in time of the signals is lost. 


Only one evaluation technique remains, 
DSP with a modern waterfall display 
program using a PC sound card! 


10.3. Additional developments 
required for VLF reception using a 
sound card 


The 136kHz amateur band is too high 
even for external USB sound cards with a 
192kHz sampling frequency. There are 
sound cards (better: professional sound 
machines...) with a 384kHz sampling 
frequency but at an horrendous price. So 
the next idea was frequency conversion. 
This idea was just right after some 
pondering: 


The operational amplifier in the output 
stage has a CMOS compatible "enable” 
connection. Using a 125kHz square wave 
signal suddenly makes it a single ended 
mixer. The large conversion loss associa- 
ted with this method can be compensated 
easily using the gain potentiometer and 
the difference frequency at the output of 
the “mixer” is now at 136.7kHz - 125kHz 
= 11.7kHz. This value can be processed 
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Fig 30: How to add a mixer to the amplifier simulation. 


easily by all modern sound cards because 
the sampling frequency is usually adjust- 
able to either 44.1kHz or 48kHz. 


A spice simulation was immediately lau- 
nched to verify the idea. A "bv" voltage 
source is used as a single ended mixing 
stage multiplying a sinusoidal signal at 

136.7kHz (peak = 1V) with a square 


i Fle View PhtSettings Simulation Too window Help 
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wave signal at 125kHz (minimum value 
= zero V / maximum value = + IV). Fig 
30 shows this circuit with the result in the 
time domain. The frequency spectrum 
generated can be seen in Fig 31 and now 
it is not difficult to identify the desired 
difference frequency and the other sign- 
als produced. 
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Fig 31: The frequency spectrum produced by the operational amplifier 
working as a mixer using an oscillator frequency of 125kHz. 


150KHz 200KHz 250KHz 300KHz 350KHz 400KHz 450KHz SOOKHz 5S0KHz 600KHz 


VHF COMMUNICATIONS 1/2013 


Fig 32: This clearly shows the culprit 
of the problems with the PC sound 
card. 


A tip: 


If you are interested in the exact value of 
the conversion loss in the conversion, 
show the results using an FFT chart with 
"linear representation of the amplitude". 
First convert the sine wave voltage at 
136.7kHz, the FFT produces a 
single line with an amplitude of 0.707V - 
the RMS value for the selected peak 
value of 1V. Then repeat the FFT on the 
output signal and the sum and difference 
frequency, each gives an RMS amplitude 
of 225mV. This gives a conversion atten- 
uation of 10dB that was confirmed by a 


controlled measurement of the circuit. 


The practical application is as follows: 
the enable pin is separated from the 
supply voltage on the PCB with a scalpel 
and fed directly to a separate port on an 
SMA connector. So that the circuit reve- 
rts to amplifier operation if the external 
oscillator signal is removed the enable 
pin is connected to +V via a pull-up 
resistor of 100kQ. 


A TTL function generator at 125kHz was 
connected after this change and the 
output signal of the mixer stage looks 
exactly as required by the theory (accord- 
ing to Fig 30 and 31). 


But the hope of a quick solution proved 
to be naive because the sound card or the 
program "Spectrum Lab" produced hyst- 
erical reactions when the mixer output 
was connected to the microphone input, 
not just the desired difference frequency 
of 11.7kHz. It took some effort to find 
out the cause that can be seen on a screen 
shot taken on a 1OOMHz oscilloscope in 
Fig 32: 


Incredibly narrow, barely recognisable 
needle pulses (spikes) were produced at 


Chebyshev Pi LC Low Pass Filter Calculator 


Ads by Google Calculator Lowpass Filter 


Low Pass Filter 


Digital Electronics 


Enter value, select unit and click on calculate. Result will be displayed. 


Enter your values: 


Cutoff Frequency: 


Impedance Zo: 


online calculator 
on the Internet. 


22 KHz +] 
50 ohm _y¥ 


Frequency Response Ripple: |0.3 db 


Number of Components: 


Calculate 


Use L = 470uH 


Clear 


Results: 


5 (1-11) 


Inductance: 


Unit :|nH 


Capacitance: 

Unit : [pF =] 
C,: 2143783 
co: fais 
ca: 1aa7e3 
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(J LTspice IV - Ipf-20k-spice 


iew Simulate Tools Window Help 


QAQQR\E 


BSS sem 2S\(24954+3 YDV0O9 


1. Ipf-20k-spice | Ipf-20k-spice 


=) i} x3 


Simulated 


“oO. 
5. ee ad te Sk 
2 
\ 


a, 


Measured 


5KHz 10KHz 5KHz 20KHz 25KHz 30KHz 35KHz 40KHz 


q 


Ipf-20k-spice 


C1 c2 c3 
218nF 335nF 218nF 
Ac 100 


-ac dec 1001 1 100k 


C3 = C1 = 150n + 68n 
C2 = 220n + 100n + 15n 


Series resistance of each coil is 2.5 Ohms 


every on and off switch of the mixer, 
sometimes with amplitudes above 1V! 
That was probably just too much for the 
sound card input. 


10.3.1 A lowpass filter for 20kHz 
required 


An extra 20kHz lowpass filter with Z = 
50Q was required as quickly as possible 
to limit these needle pulses and to ensure 
that only the desired difference frequency 
of 11.7kHz is fed to the sound card. The 
following filter data was used: 


¢ Impedance Z = 50Q 

* Cutoff frequency approximately 20 - 
22kHz 

¢ Filter degree N =5 

¢ Tschebyschef type with ripple 0.3dB 


But in the meantime a new PC with 
Windows 7 had arrived in my workshop. 
Traditional DOS filter programs such as 
"fds" would suddenly no longer run and 


Fig 34: Theory and practice of the 22kHz lowpass filter. 


it was necessary to design the filter with 
“Chebyshev PI LC Low Pass Filter Calc- 
ulator" from the Internet (Fig 33). It was 
also necessary to overcome the problems: 


¢ The first simulation showed that the 
value of the inductance required was 
500uH. The cutoff frequency is not 
critical so 470”“H was used because 
this is a standard inductor value in 
the E6 series. It looked like a hole 
mounting 1W resistor, not expensive 
but had a quality factor of approxim- 
ately Q = 40 - 50 (supplier: Reichelt 
Elektronik, axial design from the L- 
HBCC Ferrites range, length approxi- 
mately 15mm). 


¢ The circuit capacitors used were 
wonderful metallised polyester SMD 
capacitors for this frequency range 
that have high quality values (suppl- 
ier: Reichelt electronics). Unfortunat- 
ely the values available in the E6 
series mean that up to three capacit- 
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ors must be connected in parallel for 
the values from the filter calculator 
(desired maximum deviation: 1 — 
1.5%). 


The final combinations were: 
L1 = L2 = 470nH 
C1 = C3 = 218nF (150 + 68nF) 
C2 = 335nF (220nF +100nF + 15nF) 


Simulation and measurement results are 
shown in in Fig 34. Because an inducta- 
nce value of 470”H was used the desired 
ripple corner frequency of 20kHz has 
increased slightly but it is enough (along 
with the extremely good selection of a 
three stage filter at the antenna input) at a 
sampling frequency of 48kHz to meet the 
Shannon Nyquist condition (no ADC 
signals allowed above half the sampling 
frequency). It is good to see that at 
frequencies up to about 15kHz measure- 
ment results exactly match the simulation 
with a coil with 2.5Q series resistance as 
specified in the data sheet. Then losses 
increase in the wire (skin effect) and in 
the ferrite material. The measurements 
were made with a function generator (RI 
= 50) and an oscilloscope measuring 
the voltage across the 50Q terminating 
resistor. Therefore linear representation 
is used for the simulation results. 


Fig 35 shows the two prototype filters 
manufactured in two different housings. 
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The longer version of the housing is 
intended for a 30mm x 130mm PCB 
space enough to separate the two induct- 
ors because they do not have an enclosed 
magnetic shell. The axial bobbin design 
has a strong stray field and therefore 
mutual coupling should be avoided. But 
the fears were unfounded as shown by 
the complete success of the smaller vers- 
ion PCB (30mm x 50mm). Result: comp- 
letely identical filter curves but now a 
wonderfully compact module. A wide 
frequency test showed no effect on the 
attenuation up to SMHz. 


10.3.2. The conversion oscillator 


Happily this problem was very easy to 
solve because the note "CMOS compati- 
ble" for the enable input of the OPA355 
pointed the way. A commercial 1MHz 
quartz oscillator in metal housing was 
combined with a 74HC93. This contains 
four flip-flops connected in series and 
easily allows frequency division by 2, 4, 
8 or 16. A quartz oscillator should have 
sufficiently small noise sidebands to pre- 
vent an increase in the module noise. A 
small jumper is used to select the desired 
division of the oscillator signal and conn- 
ect it to the output. Thus the frequencies 
available are: 


1MHz, 500kHz, 25 kHz, 125kHz and 
62.5kHz 


The last two values are just what you 
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Crystal 
oscillator 


1 MHz 


need for the 136kHz band or DCF77. 


The circuit diagram is shown in Fig 36, 
the PCB layout in Fig 37 and the finished 
unit in aluminum housing in Fig 38. A 
compromise was required because SMD 
components were not used (quartz oscill- 
ator, connector) so some components 
were placed on the top side of an SMD 
circuit board. 


10.4. The test run 


The complete system for testing recept- 
ion is shown in Fig 39, it consists of the 
following equipment. A signal generator 


Qu 
,Oszillator 


Fig 37: The PCB layout for the 
conversion oscillator. 


with an internal resistance of 50Q feed- 
ing a short circuit loop with a V,,,.., of 
4.5mV (V jpn £0r an output level of 
-40dBm) and thus produces a current of 
approximately 90vA at 136.7kHz in the 
loop. The 11.7kHz output signal displa- 
yed on the oscilloscope screen has a peak 
to peak value of about 10mV and so the 
PC sound card and the software were 
satisfied. 


(If you take a closer look at the picture 
the quality of the filtering can be seen: 
the whole system works fine at a distance 
of 1m from the 19inch CRT monitor of 


Fig 38: The prototype conversion 
oscillator. 
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Fig 39: At last the 
testing, this was the 
test system used. 


ia iActive antennz 
=converter 


Coupling loop 


the PC with its stray magnetic fields). 


The sensitivity of the new system with 
filtering at 136.7kHz should be calcula- 
ted. The specification in Chapter 10.1 can 
be adjusted as follows with reference to 
the dB filter curve in Fig 27 to correct for 
other frequencies in the band: 


¢ Set the minimum gain for an antenna 
signal of lwV and a frequency f = 
136.7kHz giving a voltage at the 
unfiltered output of 2.4mV / 5.73 = 
419uV. This corresponds to a level of 
-54.5dBm. 


¢ This signal on 11.7kHz produced by 
the gives an additional attenuation of 
10dB. Thus the level at 11.7kHz is - 
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§22kHz 
LPF hi 


1 __ eS 


64.5dBm at 50Q resulting in an 
output voltage of 133uV for an ante- 
nna signal of IwV at 136.7kHz. 


10.4.1 Which program can be used for 
the PC? 


The Internet is teaming with DSP progr- 
ams and each has its merits. But after a 
thorough examination, some requests 
from “clever people” and some tests, the 
decision is no longer difficult: 


¢ "Spectrum Lab" is the perfect mach- 
ine. It is really a “Jack of all Trades” 
with additional packages and options 
for every conceivable problem, any 
mathematical possibility or any 
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| 136.5kHz received 
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mode. But it is not for the casual user 
or novice because it has many facilit- 
ies only suitable for an expert. 


¢ To cut a long story short: to start you 
need a beginners program with only 
the most important functions but 
simple and self-explanatory operat- 
ion. "Spectran" is such a program 


Show Controls 


waterfall display. The correct setting 
can be found very quickly. 


10.4.2. Reception with Spectran 


The screen shot shown in Fig 40 did not 
appear immediately by itself without any 
intervention on the PC screen. The follo- 
wing explanation describes the correct 


that I used to produce the screen shot _ steps: 

shown in Fig 40 that was made after e¢ The first task is on the Windows 

a training period of one hour! taskbar, use "Setup" and_ select 
“sound card" then select “Input". 


These are some tips: 


. ; That must be set correctly otherwise 
¢ In addition to rough selection of the 


nothing works. The next two pictures 


frequency (using the slider control to 
quickly go to a particular area of 
interested) the frequency can be 
finely adjusted. Place the cursor in 
the spectral display area (marked on 
Fig 40 with "Fine frequency") hold 
down the left mouse button and move 
the mouse back and forth. The scale 
then follows the movement of the 
mouse. 


¢ In addition the signal is shown on the 


show how it go further. 


Fig 41 shows how to set the appeara- 
nce of the calculated spectrum with 
"Base" and "Gain". 


Figure 42: this button to hides all the 
essential settings. They begin with 
the choice of the sampling rate of 
48kHz. This gives a base band range 
of less than 24kHz. 


It continues with the measurement 
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Fig 41: Adjusting 
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bandwidth that can be changed, the 
current setting is 1.5Hz. 


Followed by "Frequency offset" = 
frequency shift. The frequency disp- 
lay can be corrected for the actual 
frequency of 125kHz oscillator. 

With "Speed", you can change the 
flow of the waterfalls. Second mark- 
ers are inserted in the waterfall. 


(BY Spectran Version 2 (build 216) - Audio source : Mikrofon (High Definition Audio 


Mean value calculation is carried out 
with the "average" function. This 
fishes out very weak signals from the 
noise. The drawback of this is that 
transitions of the CW carrier from on 
to off and vice versa are extended. 


¢ The other buttons (Humid / De-noiser 


/ Band Pass / Band Rejection / CW 
Peak / Auto) can be tested occasiona- 


Spectran Setup Mode Palette Filters Capture About 


PyOO0IE: 


Peak at 136448.88Hz (-59.3dB) 


Wa serfall- milssugsaduainGiah 


135900 136000 136100 136200 136300 136400 136500 


Frames/sec. : 33.33 
Overlap: 23.95 


nee 4g000Sps i USB [LSB 


Peak : 136448.88Hz 


4 y| Avg Factor 


lv Moving average 


{ | mT iM wait aH bl mi i will f 
aie ryt ah Wh ae yl Nh A | 


Fig 42: But 
everything works 
properly only with 
the correct setting. 
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Le.) Spectran Version 2 (build 216) - Audio source : Mikrofon (High Definition Audio - x=) Fig 43: What 
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lly, as well: as all the other buttons. 41, 

This also applies to the menu "Setup 

/ Mode / Palette / Filters / Capture" (Conversion to a DCF77 receiver 
on the Windows taskbar. There are 

many very interesting additional feat- 


ures but for now just enjoy the results After all the problems of receiving sign- 
of the setting shown in Fig 41 and 42 aig on the 136KElz band were solved I 
to produce a clean display. could not resist the psychological experi- 
menter urge to convert the triple antenna 
DCF77 receiver. The work required was 


—|Fig 44: The next 
challenge: the same 
thing again, but 
now with Spectrum 


Received DCF77 signal Lab. 
in the spectrum 


Default settings Time grid 
Capture now = 2 seconds 


Small gap 
TEE A || 


Aconcealed a history 
of amplitude in the 
~ waterfall display 


acceptable; the enable connection from 
the final operational amplifier was disco- 
nnected from the power supply and fed to 
its own port with a 100kQ pull-up resis- 
tor. A 22kHz lowpass filter (long vers- 
ion) was already built. The conversion 
oscillator module had to be setup by 
moving the jumper to "62.5kHz" and an 
offset of 62.5kHz set in Spectran. The 
result is shown in Fig 43 and this is a 
good reward for the effort. 


Another possibility only arose when loo- 
king at this screen: the spectrum shown 
in Fig 43 shows the transmission curve of 
the triple bandpass filter in the noise. 
Even the smallest rotation of one of the 
matching cores can be seen immediately. 
Thus the fine adjustment and elimination 
of residual unbalance is a pleasure. 


12. 


What remains to be done? 


There are many things to do, some of my 
ideas are: 

* One idea that has been forming in my 
head for some time is the measuring 
of the local magnetic field strength 
using the received signal. There are 
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~~ Fig 45: This 3D 

wii waterfall alone is 
enough incentive to 
persevere with this 
programme and to 
explore its 
possibilities. 


details about this, mostly on the 
Internet. You build a round frame 
with a one metre diameter coil that is 
fed with a precisely known and cons- 
tant power. The magnetic field stren- 
gth within such a framework is 
almost homogeneous and exactly pre- 
dictable. The ferrite rod, with its 
circuit, is placed in the middle of the 
coil, calibrated and compared with 
the prediction (remember the beginn- 
ing of this article? The theoretical 
diameter of circular "frame" gave rise 
to the parameters of the ferrite ante- 
nna used, a rod length of 14cm 
representing an area of 154cm’. That 
would be an interesting comparison 
and thus a good control for these 
experiments). Major errors caused by 
the circuits in the milled aluminium 
housing inside the frame are not 
expected because aluminium is non- 
magnetic (correctly: paramagnetic) 
and does not affect the field distribut- 
ion. But the eddy currents generated 
in this aluminium housing could 
weaken the field produced by excit- 
ing coil. This is a really interesting 
project. 

The broadband field strength meter 
from chapter 7 could be used with a 
modern “image reject mixer” and a 
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DDS oscillator to investigate the 
whole range of 10kHz to 200kHz. A 
new two-stage post amplifier with an 
external knob for manual gain setting 
could be used to compensate for 
clipping by strong electromagnetic 
fields. 

¢ It is high time to use the "giant 
machine" called "Spectrum Lab". Fig 
44 shows an interesting display with 


a completely new 3D waterfall disp- 
lay in Fig 45. 

Change the electronics for the next 
RF and microwave projects to deal 
with. 
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Beware of counterfeits! 


Today, the temptation is great to acquire 
components and devices at costs well 
below the normal price. Indeed the Web 
gives us easy and efficient access to 
search and find even the rare birds. 


Alas, what disillusionment! We do not 
always admit these setbacks being too 
upset by the mistake! 


Several sources feed these sites with low 
priced items. Some are serious, such as 
obsolete stock, bankruptcy of a company, 
change of activity, etc. Even second hand 
components can be very valuable if their 
removal was done correctly. If this is a 
purchase on eBay the references must be 
carefully examined as well as the guaran- 
tees and information available on the 
seriousness of the seller. Check that 
defective products can be returned. 


Unfortunately, other sources offer produ- 
cts at low prices. There is a “Hot bed” of 
simple mailbox advertisements that resp- 
ond to the calls for quotations or provide 
a catalogue that claims to have rare or 
very expensive components at very attra- 
ctive prices. The product delivered are 
often counterfeit that do not meet the 
characteristics corresponding to its desig- 
nation. Any claim is impossible and the 
supplier has often disappeared! 


I have discovered beautiful packs of 
SMA connectors with a white insert that 
is not Teflon®, or more subtle, with 
incorrect dimensions. I bought some 
TIM1011-15 L transistors supposed to 
give 15 watts at 10GHz. They didn’t 
work and the brand name on the case was 
removable by a drop of saliva! 
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Fashion is an important area for counterf- 
eiting as well as luxury objects. This 
causes huge losses from sale of branded 
items. An example is counterfeit champa- 
gnes and wines! 


Counterfeiting abounds in tooling, dome- 
stic appliances and unfortunately the 
spare parts for automobiles. And this is 
the danger, because a bonnet that is too 
thin or made from poorly ribbed sheet 
metal will not play its role in a head on 
collision. 


It is even more serious when manufactur- 
ers and distributors are the victim of 
counterfeit goods without their knowle- 
dge. A cascade of firms is involved in the 
path of a sale making it difficult to trace 
and possible cheat. 


Professional electronics journals publish 
warnings for procurement of services to 
raise awareness of the problem. Even the 
critical sectors of aeronautical, space, 
military and medical are affected. 


Without wishing to refer to scapegoats it 
must be noted that counterfeiting is 
almost officially developed in some cou- 
ntries. 


For us, individuals and amateurs, the risk 
is mainly financial. But we do like to be 
safe. Therefore vigilance and disseminat- 
ion of the information received on detec- 
ted defects is important. 
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Marty Singer, K7AYP 


A useful coax latching relay 


control circuit 


1. 


Introduction 


Many of our VHF/UHF and microwave 
designs use a coaxial latching relay. The 
typical dual-coil part comes in many 
configurations. Characteristic specs incl- 
ude various latching coil voltages, SMA 
or N type connectors, SPST, SPDT 
switch configurations, and even multiple 
contacts requiring logical control. Manu- 
facturing techniques have made these 
components excellent signal switching 
devices for VHF through microwave fre- 
quencies. Isolation between contacts 
reach -70 to -80dB. Appropriate connec- 
tors allow switching 1kW. 


Latching relays in my parts stock require 
a voltage pulse for a specified time 
duration. Available data sheets show the 
following typical information: 

¢ Pulse voltage: +12V, +10%, 


¢ Pulse duration, each latch coil: 20ms 
minimum, 1s maximum 


¢ Time to switch, typical: 15ms 

¢ Operating pulse current, typical: 0.2A 

* Connector, SMA female, typical 
power rating: 10OW maximum 


Internally, they have two solenoid-like 
windings that control metallic wiper- 
arms for the relay contacts. All are 


enclosed in a permanent metal package. 
Manufacturers advise to only operate 
them with pulse excitation. 


This article describes a latching relay 
pulse circuit used to switch coaxial 
relays. The circuit combines latching 
coil drivers with pulse generation. Drive 
signals only need to change voltage level 
and polarity to activate the relay. No 
external pulse-shaped forcing function is 
necessary. 


2. 


Circuit description 


“Traditional” positive-going pulses impl- 
emented for relay activation increase 
amplitude to a voltage that remains for a 
given time and then returns to OV. If the 
amplitude over time meets relay specific- 
ation the latching relay toggles to its 
complementary contact connection. 


For this relay driver circuit, each internal 
latching coil is activated from stored 
voltage on a capacitor. The capacitor 
potential is switched across a latching 
coil where it decays over time. If enough 
time and energy is present, the relay coil 
activates the contacts to their alternate 
position. The energy will be defined a 
“pulse”, with additional design informat- 
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Fig 1: Pulse 
forming circuit for 
1/2 of the coaxial 
relay driver. 


| 

| 

i | 
equivalent cireuit| = «J 


ion in the circuit design descriptions. 


The fundamental circuit configuration 
driving each relay latching coil is shown 
in Fig 1 

The circuit consists of the two transistors 
Q1, Q2 and several passive components. 
A moderately large value capacitor, Cl, 
is connected between the junction of Q1- 
Q2 and ground. One of two latching 
relay coils is represented in RLY by its 
inductor (L1) and resistor (R2) equival- 
ent circuit components (surrounded by 
dotted lines). Other coil equivalent para- 
meters exist, but should not affect circuit 
operation. The V.,. power supply for 
this circuit is +13.8V DC, commonly 
supplied by power supplies these days. 


Two circuit operations are performed. 
First, a potential is placed into capacitor 
Cl. Then, Cl is switched across the coil 
where its charge activates the relay while 
it decays from its initial value. Each 
operation will be discussed next. 


First, N-Channel D-MOS-FET Q1 is ena- 
bled by a +13.8V, L_Driv input signal, 
greater than its V...,. specification. 
Device Q1 conducts and current flows 
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from V_., through resistor R1, charging 
capacitor Cl. If L_Driv remains +13.8V 
long enough it appears that C1 charges to 
almost +13.8V DC (99.24% of V_,). 
These parts with V_.,. form a conventional 
R-C charging circuit. 


The second circuit operation performs 
“pulse” generation and RLY coil switch- 
ing. It begins when L_Driv changes 
polarity to OV. Device QI turns “off” 
ending the Cl charging cycle. 


Transistor Q2 is biased to conduction 
using resistors R3, R4. Potential stored 
in capacitor Cl is connected across RLY 
coil (LI-R2) and decays, characterised by 
a timed exponential discharge with coil 
resistance R2. The amplitude of dischar- 
ging voltage over time forms the relay 
coil energy pulse. 


To insure that charging and discharging 
is independent of each other, resistor R5 
and C4 delay QI turn-on until Q2 is 
disabled when L_Driv switches to 
+13.8V. Diode D4 discharges C4 when 
Q1 is disabled and Cl is switched to the 
latching relay coil (L_Driv = OV). 
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3: 


Circuit design 


3.1 Circuit Charging Cycle 


For this and the following section the 
driver circuit in Fig | is separated into its 
charge, and discharge circuits. Circuit 
design is discussed and key component 
parameters are determined. 


In Fig 2, components are shown for only 
the driver’s charging circuit. The D- 
MOS FET is the switch between charg- 
ing capacitor Cl and resistor R1 using 
the +13.8V DC power supply. | Charg- 
ing Cl involves two important operating 
conditions: 


¢ Using N-Channel D-MOS FET tech- 
nology, an average +2.0V_ gate-to- 
source voltage [V,,,,)] difference 
exists to keep QI conducting (for my 
parts stock FET devices). The Ql 
gate voltage from L_Driv is +13.8V. 
The capacitor C1 charging cycle will 
end when: (+13.8V) — (42V) = 
+11.8V is reached. This voltage is 
labeled V,,. 


* In Section 3.2 with Fig 3, it is shown 
that C1 does not fully discharge when 


Fig 2: Driver 

circuit components 

used in the 

"charge" cycle of 
if 


16@@6uftd 
2eSVdc 


switched across the latching coil by 
transistor Q2. There will be +2.7V 
remaining, called a “pre-charge” on 
capacitor Cl. This voltage is labeled 
pre-charge’ 
From these conditions, voltage on Cl 
changes between +11. 8V (charged) to 
about +2.7V (discharged) during every 
Cl operating cycle. 


Peak current through QI must be determ- 
ined to select a FET. According to 
pulse theory, peak current at “time 0” for 
this circuit with R1 = 27Q is: 


1 = (V..) _ {ae 
peak — Ri 
[(+13.8V) — (4+2.7V)] 
= 57 = 0.411A 


By using a D-MOS FET device, peak 
current through QI could be varied by 
the pre-charge voltage and resistor R1 
[Rpsion) Lesistance of QI is not conside- 
red] . To determine the time taken to 
reach full charge (+11.8V) the value of 
pre-charge voltage and the +11.8V limit 
set by QI V_.,,,. are determining factors. 
Calculations and testing show the time 
for Cl to reach five time constants is 
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VYoco=t+13.8Vdc 


1 of 2 RL 
Latching relay 


coils 
equivalent circuit | 


about 60ms. This time delay is always 
necessary to ensure enough charged pote- 
ntial on Cl for pulse generation (exclud- 
ing any mechanical constraints). 


My part stock provided a 2N7000, N- 
Channel Enhancement-Mode, D-MOS 
FET. A few applicable specifications 
are: V threshold = + 2.0V, typical; 
= 0.6A. 


GS(th) 


DS(on) — 5Q, max @ 0.5A; I 


Peak power dissipation for R1: 


D-pulse 


Pry = (Ipear)  R1 


= (0.411)? = 27 =4.56W 


Consider this wattage in your intended 
application i.e., the short time duration 
peak current is present and the driver 
circuit low operating duty cycle (both in 
active use during an operating session 
and how often your equipment with this 
pulse circuit is used). I cycled a driver 
circuit with a 27, one watt, metal film 
resistor for 7 days, 24 hours per day at a 
100ms circuit toggle rate. I felt no 
excessive component heating (over what 
a 1W resistor should be). Measurements 
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Fig 3: Driver 
circuit components 
used in the C1 
"discharge" cycle 
to make the 
latching pilse. 


1@0@ufd 
eo¥dc 


before and after the test period showed 
no change in resistance value. Choose 
your own “comfort level’. 


Remaining components in Fig 2 control 
Q1 switching. Driver circuit polarity 
changes toggle Cl between independent 
charge and discharge events. In that 
way, potential energy is repeatedly stored 
without extraneous current or leakage 
paths and repeatable voltage is applied 
across the latching coil. The R5-C4 
combination causes about one us time 
delay before L_Driv reaches the +2.0V 
Voscn, turn-on threshold, ensuring the 
capacitor discharge cycle (described in 
Section 3.2) has completed. Diode D4 
speeds QI turn-off so a charge cycle 
begins without any V_, potential supplied 
to the discharge circuit. 


3.2 Circuit Discharge Cycle 


This section identifies Q2 operating requ- 
irements, its part number and values for 
R3, R4. Testing is described to determ- 
ine reliable relay operation with mini- 
mum operating voltage. 


Fig 3, shows only components involved 
with using the potential charged on C1 to 
pulse the latching coil. Components L1, 
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R2 represent the series equivalent circuit 
for a latching relay coil in RLY. Their 
values were determined by measuring 
seven different sets of latching relay coils 
(14 total coils) made by two manufactur- 
ers to see if this circuit design must 
consider large variation in their values. 
Inductance was measured to be +3mH 
across the 14 coils. Resistor R2 equival- 
ents measured about +5@. Fig 3 shows 
values for the relay I selected for calcula- 
tions and testing. These values are 
strictly generic, from a random group of 
relays in my parts stock. A particular 
relay inductance and series resistance for 
your circuit should be measured. 


The relay circuit analysed is almost a 
“classic” R-L circuit consisting of L1, R2 
and a voltage source. However, voltage 
source V_,, is not constant, rather a decay- 
ing voltage switched across the latching 
coil by transistor Q2 when L_Driv chan- 
ges state from OV to +13.8V. In the R-L 
network, current will not change instanta- 
neously when V_, is applied. To determ- 
ine peak current, time to reach five time 
constants is computed, then a decaying 
voltage on Cl at that time is calculated. 
From these terms, current is found that 
closely compares to a maximum current 
transistor Q2 must deal with. 


Five time constant calculation for the R2- 
L1 network: 


Li 0.0144 
Eran =5 Ty, =5*x 660 = 1.06ms 


Voltage on C1 at the five time constant 
point: 


E=Vr,x[e /Racn] 


Where: 
E = voltage across coil after 5 
time constants 
Vo, = Initial voltage on C1 when 
it was switched across the 
relay coil, +11.8V 
t = five time constant duration, 


0.0011s (rounded) 


R2 = measured latching coil 
resistance, 66Q 
Cl = capacitor providing coil 
voltage, 0.001F 
—0.0011 ;. . 
E = +118 x |e /(66)(0.001) | — +11.61V 


ty 


Knowing the voltage at five time consta- 
nts, circuit current is: 


Ex(1—e t/a 
i ee 


: R2 2s 


computed voltage on Cl 
after five time constants, 
+11.61V 

high current after five R2- 
L1 time constants, A 

five time constant, 0.0011s 
(rounded) 

measured latching coil 
resistance, 66Q 

measured latching coil 
inductance, 0.014H 


RZ. = 


Ll = 


it g70.0011(*F/5 g14) 


I, = 11.61 x 
- 66 


= 0.1754 


I used a 2N2907 PNP silicon transistor 
for Q2. A few specifications: I. = 0.6A 
max; h,, @ 0.150A = 200, typical. 


Values for resistors R3, R4 are computed 
when L_Driv is 0V. A DC beta (h,,) of 
200 is used: 


(a) Q2, base current sourced into the base 
bias design: 


I, _ 0.175A 


= = 875 ps4 
Ape 200 aa 


l92i base) = 


This base-supplied current is small com- 
pared to current from V_., flowing thro- 
ugh base bias resistors R3, R4 so it is 
neglected from further calculations. I 
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selected a +2.0V base bias voltage 
making the Q2 emitter voltage +2.7V. 


The +2.7V will be the lowest voltage 
capacitor Cl reaches when it discharges 
across the latching coil and is the voltage 
defined as the pre-charge voltage in 
Section 3.1. 


At that point, Q2 will begin cut-off since 
the junction is back biased. The +2.7V 
was known to be below any coil operat- 
ing voltage (by a good margin) for my 
+12V coaxial relays (see Section 3.6 for 
additional comment). 


(b) With Iy,(base) neglected, R4 = 820Q 
and V_, = supply source, R3 is : 


V3 i a V. a ee 

ias(2V) co“ p34 PA 
820 

= +138 x R34 820 


R3 = 4839Q {used 4.7kQ} 


Measured results closely follow these 
computed figures. Current flowing thro- 
ugh R3, R4 is 2.5mA. 


3.3 Circuit Operation 


This section details how the capacitor Cl 
charge-discharge operates the relay. Lat- 
ching coil activation voltage limits are 
investigated and calculations show fabri- 
cated pulses meet reliable test results. 


The key operating criteria for this relay 
driver circuit is; if a pulse amplitude 
applied to a latching coil is no greater 
than manufacturer’s maximum specific- 
ation (+13.2V) and 20ms later the pulse 
amplitude is no lower than the lowest 
pulse voltage specification, the relay 
will reliably toggle when properly cont- 
rolled. The “classical” pulse shape 
often recognised is not necessary, only 
that applied energy must meet/exceed 
relay energy and time requirements. 


I will amend the words... lowest pulse 
voltage amplitude... with “minimum vol- 
tage amplitude measured with my relays 
on a test fixture demonstrating reliable 
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operation”. 


Coaxial relays in my parts stock are 
manufacturer-specified to operate relia- 
bly with a minimum +10.8V pulse. I 
wanted to determine if they could relia- 
bly operate below this voltage for 20ms 
because this would “relax” some driver 
circuit design limits. 


A pulse latching test fixture was constru- 
cted. Seven, latching relays were initia- 
lly subjected to a +13V pulse for 20ms 
using a pulse generator with variable 
voltage amplitude control. The test fixt- 
ure included a circuit to steer the genera- 
tor signal output to alternate sides of the 
relay-under-test (RUT) between coil 
drive signals L_Driv, *L_Driv. Over 
time, each RUT received a carefully 
measured, lower voltage amplitude, 20ms 
pulse at 0.4s toggle rate until it no longer 
operated reliably (ie., erratic toggling, 
dead-stop operation). Hardly a “true 
reliability test”, but one that gave “first 
order” minimum pulse amplitude/time 
operating information useful in “above 
average” ham radio applications. 


Six, relays tested unreliable at +7.7V / 
20ms, so a reliable minimum operating 
voltage for them was defined at +8.0V / 
20ms pulses. One, relay demonstrated 
unreliable operation below +8.2V / 20ms 
pulses so its low safe operating voltage 
was defined at +8.5V / 20ms pulses. 
Note the manufacturer’s lower operating 
limit for both brands tested is: (+12.0V) 
— 10%(+12.0V) = +10.8V. 


One, of the six most reliable relays was 
used in circuit development shown in 
Figs 2 and 3. No other multi-variable 
tests; changing pulse amplitude, pulse 
width time, or relay toggle rate were 
done. 


We now compute the voltage level on Cl 
after 20ms: 


Vouise = Ver X (e = 0) {3} 


Where: 
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Vv = voltage across the coil (and 
capacitor C2) after time t 
capacitor Cl stored voltage 
(i.e., voltage source) at 
beginning of discharge, 
+11.8V 

time after beginning 
voltage discharge (relay 
spec), 0.020s 

nominal latching coil 
resistance, 66Q 
discharging capacitor used 
to generate a latching pulse, 
0.0010F 


R2> = 


Vp 


This voltage was verified on the test 
fixture. This voltage is below manufact- 
urer specification, but 0.72V above the 
minimum reliable operating voltage 
found for six, tested relays. 


The circuit design was further exercised 
by placing six of the relays in the test 
fixture, cycling 7 days/24 hours a (noisy) 
day! During test, computed voltages and 
time events were measured to be within 
component tolerances and specifications. 
There were no operating failures during 
test. 


In summary, a repeatable pulse shape has 
been formed with a +11.8V peak amplit- 
ude, and +8.72V minimum. It successfu- 
lly operates tested coaxial relays found in 
my parts stock. 


3.4 Putting the Pulse Circuit Together 
with Relay 


The complete relay circuit design takes 
shape in Figure 4: 


The single pulse circuit previously descr- 
ibed (Figs 1, 2 and 3) is duplicated so one 
pulse circuit connects to each RLY latch- 
ing coil. No bypass capacitors are shown 
to help clarify circuit description. Back 
EMF diodes (“catch diodes’) D1, D2 are 
added. Input drive signal L_Driv has a 
compliment *L_Driv signal driving the 
added pulse circuit. 


, —0020; He 
uiseg = +118 x | é /tee)(o0010) = +8.72V 


+ 
A DPDT toggle switch, wired with 
+13.8V DC and ground, can make these 
drive signals, or a single input drive 
signal from an IF radio T/R Switch 
output, together with a transistor inverter, 
would make both signals. Both drive 
signals must switch complement polarity 
at the same time to properly operate their 
respective pulse circuits. 


3.5 What about the ‘Power-Up State? 


What contact position will RLY initialise 
to? If this circuit controls a “transmit”- 
“receive” signal path, it is likely relay 
contacts would be initialised to “receive’’. 
The circuit to do this is shown inside the 
dashed outline box in Fig. 4 labelled 
“Power-On Reset”. 


The reset circuit will work connected to 
either pulse circuit (not both). The P- 
Channel Power FET (Q5) connects 
across Q1, Q2. The FET gate connects to 
capacitor C3, and R9 forming a charging 
circuit referenced to V,... When V,, 
initialises, V_,,,.,. is OV, turning “on” Q5 
so it connects V.,, and R1 directly to the 
preferred latching coil. Voltage across 
the coil establishes the relay start up 
condition. Device Q5 remains “on” 
while V cq, Tises at a R9-C3 rate. 
FET V (ci) threshold, Q5 “opens” and the 
power-up circuit has no further circuit 
influence until the next power-up cycle. 
Diode D3 allows fast C3 discharge when 
Vic is removed. The R8-C3 values 
provide about 500ms reset time for my 
system power-up needs, and sources 
about 0.148mA into the relay coil (manu- 
facturer has 0.2A maximum/Is_ pulse 
specification. Transistor Q5 on-resista- 
nce Ry, 18 neglected. Since most FET 
Vcsan Voltages are not precisely specified, 
my 'R9-C3 values may need changing for 
your power-up timing cycle. 


3.6 Final Design Comments 


The relay toggling rate is not dependent 
on waiting for a pulse-forming capacitor 
to reach OV after connection to a latching 
coil. Referring to Fig 4, testing showed 
+8V is the lower voltage limit for reliable 


57 


VHF COMMUNICATIONS 1/2013 


SPTPNT 


204 ee 


2862N2 bOGPNT 7 " 


“4 OPAS?2 


pineaat 
7129 [  opase 
| P3n2*>> 


qaSaQ 
dn-uanog 


SPAS °ET+=99%, SPAS *ET+=99A, 


*dn-19M0d + JMIMD JIALIP [[NY tp Sy 


> 


OPABS 
PFNTB” 


Ped 


BSVIPNT ‘bg 


OPAB°ET+=90/ 


VHF COMMUNICATIONS 1/2013 


relay operation (six, part stock relays). 
Further Cl (or C2) discharge below this 
voltage serves no useful pulse generation 
purpose. The switching rate of the relay 
can be increased if the discharging poten- 
tial across the relay from Cl, (or C2) is 
itself limited after going safely below the 
minimum relay operating voltage. At 
that point, input drive signals can switch, 
starting a capacitor recharge cycle. Of 
course, necessary charging time for Cl 
(and C2) must be met. An alternative is 
to change Q2, Q4 base bias resistors so 
they set Q2 (and Q4) emitter voltages 
above +2.7V, but safely below the relay 
+8V minimum, operating voltage. 


More capacitance can be added to the 
1000ufd storage capacitors. The V.,,.. 
maxima stays at +11.8V (V,,), but V_.. 
minimum increases during capacitor dis- 
charge (per equation 3, at 20ms, dischar- 
ging voltage from Cl (or C2) increases 
from +8.72V to about +9.6V when each 
1000ufd capacitor value is increase to 
1470ufd). 


In all cases, I suggest checking circuit 
parameters to verify components are ope- 
rating reliably within specification. 


3.7 Part Selection Comments 


e R3, R4, R6, R7, RY: 1/8W 2%-5% 
tolerance, metal film or carbon film 
resistors. 


* Q2, Q4: the 2N4918, a member of 
the 2N4918 thru 2N4920, medium- 
power, PNP, silicon family, is a 
substitute. Switching speed and high 
f, are not design factors. Adequate 
collector current capability w/o high 


V ceGaty IS Important. 


¢ Q5: A P- ere Power FET with 
Ls: sess = 18A; I(cont) = 5A. A bit 
excessive for this application, but it 
was in my parts stock. The V..),) 1s 
+2.8V, typical, and is nice for this 
application. There should be many 


other substitutes for this part. 

¢ Cl, C2, C3: inexpensive, aluminium 
electrolytic capacitors (other types 
will work), with typically wide toler- 


+ 
ance range and a 25V DC specificat- 
ion. Low leakage is ideal, but not 
necessary. I found repeatable pulse 
amplitudes and pulse-widths using 
low cost components. If wide tolera- 
nce parts are used, circuit time const- 
ants, voltage amplitudes and pulse- 
widths may be different than I comp- 
uted, or tested. 


* QI, Q3: low cost P-Channel Enhan- 
ced MOSFET. The BS170 or 
2N7002 are possible substitutes. Fast 
switching speed or high f, is not 
important. One, key specification is 
the actual V,,.,, threshold voltage 
since it defines the maximum voltage 
(V.,) charged on C1, C2. Another is 
maximum drain-source pulse current. 


¢ RLY: Ducommum Technologies, p/n 
2SE1T113A, SPDT coaxial relay, or 
equivalent. Any relay should be 
tested to determine the minimum 
voltage with specified pulse-width 
that reliably toggles the device. Mea- 
sure latching coil inductance and res- 
istance for necessary calculations. 


¢* D1, D2, D3: low cost silicon diodes, 
part numbers on the schematic. 
Many other types can be substituted. 


4. 


Conclusion 


An easily implemented coaxial relay cir- 
cuit which combines switching control 
with pulse forming circuitry has been 
presented. Critical operating parameters 
and circuit precautions were discussed. 
Another circuit feature is input voltage 
levels are used to activate the latching 
relay coils, eliminating need to implem- 
ent external pulse-forming, or pulse 
signal sources. After input drive signals 
change state, they may remain quiescent 
for any duration before changing to 
toggle the relay. 
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a 
Standard value, inexpensive components 
are used. Special circuit, or relay mount- 
ing is not necessary. The relay is not 
subjected to heat dissipation or electrical 
pulses outside manufacturer application 
except for operating the latching coil 
below manufacturer minimum pulse volt- 
age specification. The below minimum 
pulse voltage was shown to still operate 
relays reliably. 
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A power-on reset circuit is included to 
set relay contact position after a system 
start-up. 


The circuit is adaptable to other V., 
values, relay voltage specifications, etc. 
I hope the computation processes show 
how substitute components can be used, 
and more novel extensions to circuit 
design and operation can be implemented 


for your Ham projects. 


The UK Six Metre 
Group 


www.uksmg.com 


With over 700 members world-wide, the UK Six Metre Group is 
the world's largest organisation devoted to SOMHz. The ambition 
of the group, through the medium of its 56-page quarterly 
newsletter 'Six News' and through its web site www.uksmg.com, is 
to provide the best information available on all aspects of the band: 
including DX news and reports, beacon news, propagation & 


technical articles, six-metre equipment reviews, DXpedition news 
and technical articles. 


Why not join the UKSMG and give us a try? For more information 
contact the secretary: Dave Toombs, G8FXM, 1 Chalgrove, Halifax 
Way, Welwyn Garden City AL7 2QJ, UK or visit the website. 
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Gunthard Kraus, DGSGB 


Internet Treasure Trove 


G band waveguide to 
microstrip transition for MMIC 
integration 


This is something for the microwave and 
waveguide specialists. But a look at 
thesis is worth for other interested people 
because many of the specific problems 
and characteristics of waveguides are 
represented very vividly and yet exactly. 


Address: http://theses.gla.ac.uk/3354/1/ 
2012donadiophd pdf 


Collection of interesting Java 
applets 


Applets are “short” programs. There is a 
large collection of all possible areas on 
this website. They are very interesting 
and sometimes amusing but a superb 
demonstration of physical and electrical 
characteristics. 


Address: http://www.falstad.com/ 
mathphysics.html 


WR-connect 


Again, something for friends of the wav- 
eguide. It is online design software for 
waveguide applications with lots of dem- 
onstration examples and the tutorial is a 
joy. You will be animated. 


Address: http://www.goulouev.com/ 
connector/index.htm 


MAAS microwave and antenna 
systems 


An interesting mixture for presentation of 
the finished products and basic informat- 
ion (e.g. about the moment method or the 
various types of microwave antenna). 


Address: http://www.maasdesign.co.uk/ 
maas/sitemap.html 


San Diego microwave Group - 
technical articles and projects 


There are really very enterprising people 
at work and the term "Microwaves" is 
not taken quite seriously: there are quite 
a few things less than 1GHz. Really 
interesting! 
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Address: http://www.ham-radio.com/ 
sbms/sd/projindx.htm 


Farran technology 


Once again a beautiful web site with 
many of their own products also many 
application notes. They are at the forefr- 
ont of millimetre wave technology. 


Address: http://www.farran.com/ 
index .php?option=com_content&task= 
view&id=19&Itemid=119 


OML 


Again millimetre wave technology but 
this site shows measuring instruments for 
this area. 


Selecting the "Library" from the homep- 
age for the choice between "Application 
Notes", "Other References" and "Useful 
Links". 


Address: http://www.omlinc.com/ 


LNA design 


This pdf file does what it says on the tin: 
it is a very good and easy to understand 
introduction to the problems that the 
LNA developer fights. 


Address: http://www.qsl.net/va3iul/ 
LNA%20design.pdf 


Mixer 


A small taste of the online offering of 
Professor Brian Frank. It is worth to 
looking round this homepage and to 
explore every corner, you will stumble 
over very interesting topics. 
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Address: http://bmf.ece.queensu.ca/ 
mediawiki/index.php/Mixers 


Gigahertz Integrated Circuit 
Group 


This web site has lots of useful Java 
applets for microwave circuit and system 


design. It has been recommended by 
Mathias Helsen, a VHF Communications 
subscriber. It contains a couple of applets 
that can calculate lowpass and bandpass 
microstrip filters and several couplers 
(also using microstrip). Mathias ran a 
couple of them through Sonnet and they 
seem to behave as specified. 


Address: http://post.queensu.ca/ 
~saavedra/research/JavaApplets.html 


Note: Owing to the fact that Internet 
content changes very fast, it is not always 
possible to list the most recent developm- 
ents. We therefore apologise for any 
inconvenience if Internet addresses are 
no longer accessible or have recently 
been altered by the operators in question. 


We wish to point out that neither the 
compiler nor the publisher has any liabil- 
ity for the correctness of any details 
listed or for the contents of the sites 
referred to! 
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Back Issues on DVD 


VHF Communications Magazine has been published since 1969. Up to 2002 it was produced by 
traditional printing methods. All these back issue have been scanned and converted to pdf files 
containing images of the A4 sheets that formed the A5 magazine when folded in half. These have 
been put together on DVD in decade sets. 


From 2002 the magazine has been produced electronically therefore pdf files are available of the 
text and images. These have been used to produce the 2000s decade DVD. 


1970s - 1980s - 1990s 


Adecadeot AY the 19908 | These three DVDs cover the first 3 decades of the 

] magazine. The 1970s DVD contains all magazines from 
1969 to 1979 (44 magazines) the 1980s and 1990s DVDs 
contain 40 magazines for the decade. The DVDs are 
£20.00 each 


VHF Communications Magazine 


This DVD contains magazines from 1/2000 to 4/2001 in ole oO The 2000s 
scanned image format and from 1/2002 to 4/2009 in text and St ee 
image format. This DVD is £35.00 Atsze san in ourgral As pages near Page 


2003 the magazine production was all electronic 


| Bumper 4 decade 
Se Communications Magazine DVD 


Four Bumper 
decades of release 1969 
magazines to 2009 

The magazines on this DVD for the years 1969 to 2002 


. eee This DVD contains all magazines from 1969 to 2009. 
ofl othe AS magaine when clated and fled in That is 164 magazines. It also contains the full index for 

200s ie means peclelon Was ol dectene those 41 years in pdf and Excel format so that you can 
search for that illusive article easily. This DVD is just 


£85.00 - just 52 pence per magazine. 


To order, use one of the following: 
¢ Use the order form on the web site - www.vhfcomm.co.uk 


¢ Send an order by fax or post stating the DVD required (1970s, 1980s, 1990s, 2000s, 
Bumper) 


¢ Send the correct amount via PayPal - vhfcomms@aol.com - stating the DVD required 
(1970s, 1980s, 1990s, 2000s, Bumper) and your postal address 


Add £1.00 for air mail postage in Europe or £1.50 for air mail postage outside Europe 
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‘ aT Pre Divider (:10) up to 5GHz 


Blue Binders 


A new style binder was introduced in 2010 with an embossed 
spine. These binders hold 12 issues (3 years) and keep your 
library of VHF Communications neat and tidy. You will be able 
to find the issue that you want easily. Binders are £6.50 each + 
postage. (UK £2.20, Surface mail £3.25, Air mail to Europe 
£3.40, Air mail outside Europe £5.10) 


PUFF Version 2.1 Microwave CAD 
Software 


This software is used by many authors of articles in VHF 
Communications. It is supplied on 3.5 inch floppy disc or CD 
with a full English handbook. PUFF is £20.00 + postage. (UK 
£2.20, Surface mail £2.90, Air mail to Europe £3.20, Air mail 
outside Europe £4.50) 


Compilation CDs 


Two CDs containing compilations of VHF Communications 
magazine articles are available. CD-1 contains 21 articles on 
measuring techniques published in the past few years. CD-2 
contains 32 articles on transmitters, receivers, amplifiers and 
ancillaries published over the past few years. The articles are in 
pdf format. 


Each CD is £10.00 + postage. (UK £0.50, Surface mail £2.20, 
Air mail to Europe £2.70, Air mail outside Europe £3.30) 


AMATEUR RADIO AND PROFESSIONALS VHF Communications Web Site 


mal, | www.vhfcomm.co.uk 


Visit the web site for more information on previous articles. 
There is a full index from 1969 to the present issue, it can be 
searched on line or downloaded to your own PC to search at 
your leisure. If you want to purchase back issues, kits or PUFF 
there is a secure order form or full details of how to contact us. 
The web site also contains a very useful list of site links, and 
downloads of some previous articles and supporting informat- 
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elettranica HF, RF and microwave 
electronic components 
Over 4000 items always ready in stock 

di Kota Franca shipped all over the world 


www.rfmicrowave.it 
DIODES: Schottky, varicap, PIN, zero bias. : yy 
M ; balanced, active and passive. \ 
TRANSISTOR: IF, RE, power. 2 
GaAs-FET: low noise, power. __ "£0 


IC; wide band MMIC amplifiers, & ' Visit 


logarithmic amplifiers, IF demodulators 5 
fox MEARE. FHA ratebnces: the SURPLUS section 


PLL and prescaler for synthesizer. to find ma ny 
Regulators, RF power modules. = a 
CONNECTORS:SMA, N; BNC and others special offers — 
CABLES: teflon; semirigid, handyform. Ye 
CATAL ou EOC TOR: at affordable prices 
FERRITE CORES: wide availability of e * e 
toroids, binoculars, beads, rods, AMIDON. ® a O 
FILTERS: IF, helical, saw, gigafil. i) e 


Terminations, attenu bor, circulators, 


_4 ] ROGERS 


PORATIC 


Multiplier and step-recovery diodes. 


Power PIN diodes up to 1KW. 
: Noise diodes and noise 
.Amidon_,, Microwave prescaler dividers. ) 
° ° 1220 and 25N cables f f 
Special and hard to find power ret a cables nati : 
RF components splitters and Wilkinson combiners. 


ATC100 high Q RF power capacitors. 
Teflon laminates, ROGERS 04003. 


